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Background and Objective: Smoking is an important risk factor for periodontal

disease and effects the pathogenesis of the disease. This study evaluated the

impact of smoking on gingival crevicular fluid interleukin-8 (IL-8) and lipoxin

A4 (LxA4) levels in patients with and without periodontal disease.

Material and Methods: A total of 122 participants were grouped as follows:

smokers with generalized aggressive periodontitis (S-GAgP, n = 15); smokers

with chronic periodontitis (S-CP, n = 17); smokers with gingivitis (SG, n = 15);

smokers classified as periodontally healthy (SH, n = 15); nonsmokers with gen-

eralized aggressive periodontitis (N-GAgP, n = 15); nonsmokers with chronic

periodontitis (N-CP, n = 15); nonsmokers with gingivitis (NG, n = 15); and non-

smokers classified as periodontally healthy (NH, n = 15). Gingival index, plaque

index, probing pocket depth and clinical attachment level were recorded. Gingi-

val crevicular fluid IL-8 and LxA4 levels were analyzed by ELISA.

Results: Gingival crevicular fluid IL-8 levels varied among groups, as follows: S-

GAgP>S-CP>SG>SH and N-GAgP>N-CP>NG>NH. The gingival crevicular

fluid IL-8 levels were significantly higher in the S-GAgP group compared with

the N-GAgP group and in the S-CP group compared with the N-CP group

(p < 0.05); differences between the SG and NG and the SH and NH groups

were not statistically significant (p > 0.05). Gingival crevicular fluid LxA4 levels

also varied among groups, but in an inverse direction when compared with the

IL-8 levels, as follows: S-GAgP<S-CP<SG and N-GAgP<N-CP<NG. (The gingi-

val crevicular fluid LxA4 levels in SH and NH groups were below the limits of

detection.) The gingival crevicular fluid LxA4 levels were significantly lower in

the S-GAgP group than in the N-GAgP group and in the S-CP group than in

the N-CP group (p < 0.05); differences between the SG and NG groups were

not statistically significant (p > 0.05).

Conclusion: The study findings suggest that the observed increases in gingival

crevicular fluid IL-8 levels and decreases in gingival crevicular fluid LxA4 levels
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reflect changes in immune and inflammatory responses that occur as a result of

smoking.

Periodontitis is a leukocyte-mediated

inflammatory disease characterized by

inflammation of the supporting tissues

of the teeth induced by microorgan-

isms that stimulate host immune and

inflammatory responses (1). Polymor-

phonuclear leukocytes (PMNs) are

the main type of phagocytic cells that

protect periodontal tissue against bac-

terial infection and invasion; however,

if not controlled, PMN infiltration at

sites of infection may culminate in

host-tissue damage (1,2). To ensure

healthy tissue status, the initiation of

acute inflammation and its resolution

must remain efficient (3). As one of

the principal mediators of the inflam-

matory response, interleukin-8 (IL-8)

is an important chemoattractant of

PMNs (4), making down-regulation

and/or control of IL-8 production

vital in preventing chronic inflamma-

tion and tissue destruction (5).

Until recently, the loss of pro-in-

flammatory mediators was widely

accepted as a passive event in which

the inflammation signal was ‘turned

off’, putting an end to any further

response (3,6). However, the resolu-

tion of inflammation and return to

homeostasis has now come to be rec-

ognized as a highly regulated, bio-

chemical process (3) – a ‘programmed

resolution’ at the tissue level (3,7–12)
– actively driven by specialized lipid

immune resolvents that include resol-

vins, lipoxins, protectins and maresins

(3,7–9,12). Lipoxins (LxA4 and LxB4)

are a group of lipoxygenase-derived

biologically active eicosanoids pro-

duced by PMNs, platelets, eosinophils

and monocytes/macrophages (6).

Lipoxin A4 (LxA4) limits PMN

migration to the site of inflammation,

promotes PMN apoptosis and acti-

vates the transformation of mono-

cytes/macrophages from a phlogistic

(i.e. heat- or fever-producing) pheno-

type to a nonphlogistic phenotype (7)

that efficiently removes apoptotic

PMNs and enhances clearance of the

inflammation site (3,6–8). If inflam-

matory cell apoptosis is delayed and

apoptotic inflammatory cells and their

noxious products are not removed,

chronic, pathological lesions will

develop as a result (6,12–14). PMN

priming and/or hyperfunction can

also cause dysregulated chemotaxis,

phagocytic abnormalities and height-

ened pro-inflammatory activity, such

as increased oxidative stress and

secretion of inflammatory mediators,

which may lead to excessive tissue

damage rather than killing of bacteria

(7,13,14).

PMN-mediated destruction and

inflammation are major causes of

human inflammatory pathologies,

including arthritis, asthma, cancer,

cardiovascular disease and periodon-

tal disease. Loss of resolution and

failure to return tissue to homeostasis

results in PMN-mediated destruction

and chronic inflammation (3). How-

ever, the role of novel lipid mediators

in the pathogenesis of periodontal dis-

ease is still unclear. Given that studies

have implicated lipid mediators in the

prevention of inflammation by limit-

ing PMN recruitment, Lx and other

mediators have been targeted by new

research into possible strategies for

controlling the extent and severity of

periodontal disease (7,9,13,15,16).

Cigarette smoking is also known to

be a major risk factor for periodontal

disease and to affect the disease’s

pathogenesis (17). Smoking alters the

host response, including vascular

function, PMN/monocyte activity,

adhesion molecule expression, anti-

body production and the release of

cytokines and inflammatory mediators

(18–21). The mechanisms connecting

smoking and periodontal disease are

believed to include the relative inhibi-

tion and/or alteration of the normal

host immune and inflammatory

responses, particularly in terms of

PMN function (20,22–24).
Therefore, based on our under-

standing that IL-8 and LxA4 play

important roles in determining neu-

trophil function in the inflammatory

response described above, the objec-

tive of the present study was to evalu-

ate the influence of cigarette smoking

on neutrophil-related mediators (IL-8

and LxA4) in gingival crevicular fluid

of periodontally healthy individuals

and of those with varying degrees of

periodontal disease.

Material and methods

Study population

This cross-sectional study was con-

ducted with 122 patients (60 male and

62 female subjects) recruited from the

Periodontology Department at the

Ondokuz Mayis University Faculty of

Dentistry in Samsun, Turkey, between

September 2012 and March 2014. The

participants were randomly selected

from individuals referred to the Peri-

odontology Department either for

dental treatment or only for a dental

check-up. The study protocol was

approved by the Local Ethics Com-

mittee, and written informed consent

was obtained from all study partici-

pants, in accordance with the Helsinki

Declaration (ISRCTN registration no:

ISRCTN13030013).

Inclusion criteria were as follows:

(i) ≥18 years of age and having ≥ 16

teeth; (ii) no periodontal therapy in

the 6 mo before data collection; and

(iii) no systemic problems or

chemotherapy within the 6 wk before

data collection. Individuals were

included as smokers if they had

smoked ≥15 cigarettes/d for ≥5 years,

whereas individuals were included as

nonsmokers if they had no previous

history of smoking. Exclusion criteria

were as follows: (i) medical history of

cancer, rheumatoid arthritis, diabetes

mellitus or cardiovascular disease; (ii)

compromised immune system; (iii)

pregnancy, menopause or lactation;

(iv) ongoing drug therapy that might

affect the clinical characteristics of

periodontitis; (v) use of systemic
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antimicrobials in the 6 wk before data

collection; and (vi) dental treatment

in the 6 mo before data collection.

Periodontal status was assessed by

clinical examination, with classifica-

tions given according to criteria pro-

posed by the 1999 International

World Workshop for a Classification

of Periodontal Disease and Condi-

tions (25). A diagnosis of generalized

chronic periodontitis was based on

radiographic evidence of alveolar

bone and attachment loss, with prob-

ing pocket depths of ≥5 mm for at

least eight teeth. A diagnosis of gener-

alized aggressive periodontitis was

based on evidence of severe alveolar

bone and attachment loss, with prob-

ing pocket depths of ≥5 mm for at

least eight teeth, including three teeth

that were not first molars or incisors.

This diagnosis was supported by

other factors, namely family aggrega-

tion, rapid progression and the lack

of correlation between periodontal

destruction and the local presence of

calculus and dental plaque. Rapid

progression was determined according

to clinical, radiographic and overall

etiologic manifestations of aggressive

periodontitis.

Accordingly, study participants

were grouped as follows: smokers

with generalized aggressive periodon-

titis (S-GAgP); smokers with chronic

periodontitis (S-CP); smokers with

gingivitis (SG); periodontally healthy

smokers (SH); nonsmokers with gen-

eralized aggressive periodontitis (N-

GAgP); nonsmokers with chronic

periodontitis (N-CP); nonsmokers

with gingivitis (NG); and periodon-

tally healthy nonsmokers (NH).

All clinical examinations and gingi-

val crevicular fluid collection were

performed by a single examiner. All

laboratory procedures were performed

by another researcher blinded to the

study.

Clinical assessment

The following clinical parameters

were recorded: Silness & L€oe plaque

index (PI) (26); L€oe & Silness gingival

index (GI) (27); probing pocket depth;

clinical attachment level; and bleeding

on probing (BOP). Measurements

were performed on six sites per tooth

(mesiobuccal, midbuccal, distobuccal,

mesiolingual, midlingual and

distolingual locations) using a Wil-

liams periodontal probe (Nordent

Manufacturing Inc., Elk Grove Vil-

lage, IL, USA), calibrated in mm.

The deepest six sites of each subject

were chosen for clinical recordings

and further gingival crevicular fluid

sampling.

Gingival crevicular fluid sampling

and processing

A total of 102 gingival crevicular fluid

samples were taken from the S-CP

group (17 subjects 9 six sites) and 90

were taken from each of the remain-

ing seven groups (15 subjects per

group 9 six sites) using the sites with

the greatest probing pocket depth for

each patient.

Gingival crevicular fluid samples

were collected using periopaper strips

(Oraflow Inc., Plainview, NY, USA).

Before sample collection, each site was

gently air-dried, all supragingival pla-

que was removed and the area was

carefully isolated to prevent samples

from being contaminated with saliva.

The paper strip was inserted into the

gingival crevice up to 1 mm, or until

mild resistance was felt, and was left in

place for 30 s. Care was taken to avoid

mechanical injury of gingival tissue,

and any strip contaminated by bleed-

ing or exudate was discarded. Gingival

crevicular fluid sample volume (lL)
was measured using a calibrated Peri-

otron 8000 (Periotron� 8000; Pro

Flow Inc., Amityville, NY, USA).

Strips were individually placed in 500-

lL plastic Eppendorf microcentrifuge

tubes that were labeled, sealed with

paraffin and stored at �70°C until

required for processing (28).

Gingival crevicular fluid ELISA

analysis for IL-8 and LxA4

Gingival crevicular fluid elution was

performed according to Curtis et al.

(29), with slight modification. A total

of 150 lL of 2% bovine serum albu-

min (0.01 M, pH 7.2) in phosphate-

buffered saline was added to each

eppendorf tube, and the samples were

incubated at 4°C for 60 min. Follow-

ing incubation, a sterile drill was used

to bore a hole in the bottom of each

tube, which was then placed inside a

1.5-mL tube, and the nested tubes

were centrifuged at 10,000 g for

10 min at 4°C. This process was

repeated twice in order to obtain

300 lL of gingival crevicular fluid elu-

ate.

IL-8 (catalogue number: KAP1301;

DIAsource ImmunoAssays SA, Lou-

vain-la-Neuve, Belgium) and LxA4

(catalogue number: CSB-E09689 h;

Cusabio Biotech. Co. Ltd., Wuhan,

Hubei Province, China) levels in gin-

gival crevicular fluid samples were

evaluated using standard ELISAs,

according to the manufacturer’s

instructions. Enzyme–substrate reac-

tions were terminated by the addition

of an acid solution, and color change

was measured spectrophotometrically

at a wavelength of 450 nm. IL-8 and

LxA4 concentrations were identified

using standard curves. After measur-

ing the amounts of IL-8 and LxA4

collected from each sample in a 30-s

period, the concentrations of IL-8 and

LxA4 per sample (pg/lL) were calcu-

lated by multiplying the results of

ELISA assays by a dilution coefficient

[phosphate-buffered saline volume

(lL) + gingival crevicular fluid volume

(lL)/phosphate-buffered saline vol-

ume (lL)]. The total amounts of IL-8

and LxA4 per sample (pg) were calcu-

lated by multiplying the concentra-

tions per sample (pg/lL) with the

gingival crevicular fluid volume. Units

(lL) were converted and recorded in

mL to simplify statistical analysis.

Statistical analysis

Statistical analysis was performed

using the statistical software program

SPSS (SPSS v. 21.0 Inc., Chicago, IL,

USA), and the results are presented

as mean and standard error of mean

for numeric variables and as median

and 25th–75th percentiles for ordinal

variables (PI and GI). A Shapiro–
Wilk test performed before parametric

analysis showed normal distribution

of data, and Levene’s test showed

nonhomogeneity of variance; there-

fore, Welch’s ANOVA was used to
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identify statistical differences among

the groups, and Tamhane’s tests were

used for post-hoc group comparisons

of the numeric variables. Compar-

isons among the ordinal variables of

the study groups were performed

using the Kruskal–Wallis test and,

when there were significant differences

(p < 0.05), post-hoc two-group com-

parisons were assessed using the Bon-

ferroni-corrected Mann–Whitney U-

test, and p < 0.008 was considered to

be statistically significant. Pearson’s

correlation tests were used to identify

relationships between clinical indices

and gingival crevicular fluid IL-8 and

LxA4 levels. p <0.05 was considered

statistically significant. The primary

outcome variable, gingival crevicular

fluid IL-8 level, was used to decide

the sample size calculation and deter-

mine the power of the study. Power

analysis calculations indicated a mini-

mum requirement of 15 participants

per group in order to compare data

between smokers and nonsmokers at

a = 0.05 with a power value of 80%.

Results

The distributions of gender and age

of the groups were as follows:

S-GAgP (seven male and eight female

subjects; mean age: 30.40 �

1.65 years); S-CP (nine male and eight

female subjects; mean age: 42.17 �
1.07 years); SG (eight male and seven

female subjects; mean age:

28.20 � 1.70 years); SH (eight male

and seven female subjects; mean age:

27.73 � 1.29 years); N-GAgP (seven

male and eight female subjects; mean

age: 32.11 � 1.40 years); N-CP (seven

male and eight female subjects; mean

age: 45.13 � 1.85 years); NG (eight

male and seven female subjects; mean

age: 25.06 � 0.99 years); and NH

(nine male and six female subjects;

mean age: 29.2 � 1.95 years). No sig-

nificant differences were found

between the study groups in terms of

gender (p > 0.05) or age, with the

exception of the age of the S-CP

group in comparison with that of the

S-GAgP, SG and SH groups, and the

age of the N-CP group in comparison

with that age of the N-GAgP, NG

and NH groups (p < 0.001).

Clinical findings

The findings for the clinical parameters

are presented in Table 1. For both

smokers and nonsmokers, PI, GI and

BOP scores and gingival crevicular

fluid volumes were significantly higher

in all groups with periodontal disease

(S-CP, S-GAgP, SG, N-CP, N-GAgP

and NG) when compared with the

healthy groups (SH and NH)

(p < 0.05). BOP scores and gingival

crevicular fluid volumes were also sig-

nificantly higher for the S-GAgP and

S-CP groups when compared with the

SG group and for the N-GAgP and N-

CP groups when compared with the

NG group (p < 0.001). Mean probing

pocket depth and clinical attachment

level scores were significantly higher

for the S-GAgP and S-CP groups in

comparison with the SG and SH

groups (p < 0.001), but did not vary

significantly between the S-GAgP and

S-CP groups (p > 0.05). Similarly,

mean probing pocket depth and clini-

cal attachment level scores were signifi-

cantly higher for the N-GAgP and N-

CP groups in comparison with the SG

and SH groups (p < 0.001), but did

not vary significantly between the N-

GAgP and N-CP groups, the SG and

SH groups, or the NG and NH groups

(p > 0.05).

No differences in any of the clinical

parameters were found between smok-

ers and nonsmokers with the same

periodontal health status (p > 0.05).

Gingival crevicular fluid analysis

Cytokine levels in gingival crevicular

fluid at the sampling sites are shown

Table 1. Clinical parameters of the sampling sites in the study groups

Study

group PI GI

Probing

pocket

depth (mm)

Clinical

attachment

level (mm) BOP (%)

Gingival

crevicular

fluid (lL)

S-GAgP 2.27 (1.56–2.87)╫ 2.00 (1.40–2.36)╫ 7.08 � 0.21* 7.44 � 0.23* 83.70 � 3.81* 0.63 � 0.05*

S-CP 2.36 (1.75–2.77)╫ 1.80 (1.44–2.00)╫ 5.69 � 0.74* 6.67 � 0.17* 72.57 � 3.94* 0.64 � 0.04*

SG 1.80 (1.00–2.80)╫ 1.55 (1.16–2.00)╫ 2.14 � 0.15# 2.14 � 0.15# 12.37 � 3.97# 0.31 � 0.01#

SH 0.38 (0.00–1.00) 0.00 (0.00–0.00) 1.40 � 0.11 1.40 � 0.11 1.42 � 0.36 0.20 � 0.01

N-GAgP 2.72 (2.05–2.97)╫╫ 2.60 (2.00–2.86)╫╫ 7.07 � 0.36** 7.51 � 0.33** 70.36 � 4.25** 0.72 � 0.03**

N-CP 2.44 (1.50–2.91)╫╫ 2.00 (1.60–2.60)╫╫ 6.13 � 0.15** 6.92 � 0.20** 85.36 � 2.79** 0.69 � 0.04**

NG 2.40 (2.00–2.60)╫╫ 2.00 (1.25–2.05)╫╫ 2.26 � 0.14## 2.26 � 0.14## 11.65 � 3.12## 0.35 � 0.03##

NH 0.20 (0.00–1.00) 0.00 (0.00–0.30) 1.41 � 0.08 1.41 � 0.08 1.24 � 0.36 0.20 � 0.01

Values are given as mean � standard error of the mean for numeric variables and as median (25th –75th percentile) for ordinal variables.
*Significantly different from SG and SH groups (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.001).
#Significantly different from the SH group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.05).
╫Significantly different from the SH group (Kruskal–Wallis test, p < 0.001; Mann–Whitney U-test with Bonferroni Correction, p < 0.008).
**Significantly different from NG and NH groups (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.001).
##Significantly different from the NH group (Welch’s ANOVA, p < 0.0001; post-hoc Tamhane test, p < 0.05).
╫╫Significantly different from the NH group (Kruskal–Wallis test, p < 0.001; Mann–Whitney U-test with Bonferroni correction,

p < 0.008).

BOP, bleeding on probing; GI, gingival index; N-CP, nonsmokers with chronic periodontitis; NG, nonsmokers with gingivitis; N-GAgP,

nonsmokers with generalized aggressive periodontitis; NH, periodontally healthy nonsmokers; PI, plaque index; S-CP, smokers with

chronic periodontitis; SG, smokers with gingivitis; S-GAgP, smokers with generalized aggressive periodontitis; SH, periodontally healthy

smokers.
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in Fig. 1A and B and in Table 2. In

general, gingival crevicular fluid IL-8

levels increased with increases in

periodontal destruction. For both

smokers and nonsmokers, the concen-

trations and total amounts of gingival

crevicular fluid IL-8 were significantly

higher in all the groups with peri-

odontal disease (S-GAgP, S-CP, SG,

N-GAgP, N-CP and NG) compared

with the healthy groups (SH and NH)

(p < 0.05). The concentrations and

total amounts of IL-8 in gingival

crevicular fluid were also significantly

higher in the S-GAgP group com-

pared with the SG group; in the

N-GAgP group compared with the

NG group; in the S-CP group com-

pared with the SG group; and in the

N-CP group compared with the NG

group (p < 0.05) (Table 2). The con-

centrations and total amounts of gin-

gival crevicular fluid IL-8 were higher

in the S-GAgP group compared with

the S-CP group and in the N-GAgP

group compared with the N-CP

group, but these differences were not

statistically significant (p > 0.05).

Moreover, the concentrations and

total amounts of gingival crevicular

fluid IL-8 were significantly higher in

the S-GAgP group compared with the

N-GAgP group and in the S-CP

group compared with the N-CP group

(p < 0.05) (Fig. 1A and B). Finally,

the concentrations and total amounts

of gingival crevicular fluid IL-8 were

higher in the SG group than the NG

group and in the SH group than the

NH group, but these differences were

not statistically significant (p > 0.05)

(Fig. 1A and B).

In contrast to gingival crevicular

fluid IL-8 levels, the level of gingival

crevicular fluid LxA4 tended to

decrease with increases in periodontal

destruction. The gingival crevicular

fluid LxA4 levels in SH and NH

groups were below the limits of detec-

tion by ELISA. For both smokers

and nonsmokers, gingival crevicular

fluid LxA4 concentrations were signifi-

cantly lower in the periodontitis

groups than in the gingivitis groups

(p < 0.01). The gingival crevicular

fluid LxA4 concentrations were also

significantly lower in the S-GAgP

group than in the S-CP group

(p < 0.05). The gingival crevicular

fluid LxA4 concentrations were lower

in the N-GAgP group than in the N-

CP group, but this difference was not

statistically significant (p > 0.05). The

total amounts of gingival crevicular

fluid LxA4 were also lower in the

periodontitis groups than in the gin-

givitis groups for both smokers and

nonsmokers, but the difference was

only statistically significant for the

smokers (p < 0.05). The total amounts

of gingival crevicular fluid LxA4 were

also lower in the S-GAgP group than

in the S-CP group and in the N-

GAgP group than in the N-CP group,

but only the difference between the S-

GAgP and SCP groups was statisti-

cally significant (p < 0.05). The gingi-

val crevicular fluid LxA4 levels were

significantly lower in the S-GAgP

group than in the N-GAgP group

(p < 0.001) and in the S-CP group

than in the N-CP group (p < 0.05)

(Fig. 1A and B). The gingival crevicu-

lar fluid LxA4 levels were lower in the

SG group than in the NG group, but

the difference was not statistically sig-

nificant (p > 0.05) (Fig. 1A and B).

Correlations between cytokine

levels and clinical periodontal

parameters

For both smokers and nonsmokers,

PI, GI, probing pocket depth, clinical

A

B

Fig. 1. Concentrations (A) and total amounts (B) of interleukin-8 (IL-8) and lipoxin A4

(LxA4) in gingival crevicular fluid of the sampling sites. *Statistically significant difference

between the groups (Welch’s ANOVA p < 0.001; post-hoc Tamhane test, p < 0.05). N-CP,

nonsmokers with chronic periodontitis; NG, nonsmokers with gingivitis; N-GAgP, non-

smokers with generalized aggressive periodontitis; NH, periodontally healthy nonsmokers;

S-CP, smokers with chronic periodontitis; SG, smokers with gingivitis; S-GAgP, smokers

with generalized aggressive periodontitis; SH, periodontally healthy smokers.
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attachment level and BOP values were

found to correlate positively with gin-

gival crevicular fluid IL-8 levels and

negatively with gingival crevicular

fluid LxA4 levels (Table 3). In addi-

tion, a negative correlation was found

between gingival crevicular fluid IL-8

levels and gingival crevicular fluid

LxA4 levels (Table 4).

Discussion

PMNs play an essential role in host

defence. However, despite their unde-

niably crucial role in the prevention

of inflammatory injuries, their pro-

longed activation can lead to tissue

injury and deleterious sequelae.

Accordingly, although sufficient

amounts of IL-8 are required to

attract PMNs to a site of inflamma-

tion, excessive amounts can lead to

PMN-mediated local tissue destruc-

tion (30).

The present study found that gingi-

val crevicular fluid IL-8 levels in gen-

eral increased with increases in the

periodontal destruction for both

smokers and nonsmokers. IL-8 values

were slightly higher among both

smokers and nonsmokers with gener-

alized aggressive periodontitis than

among those with chronic periodonti-

tis, although the differences were not

statistically significant. These findings

are in line with those of Liu et al.

(31), who reported that the total

amounts of IL-8 in gingival crevicular

fluid did not vary significantly

between patients with chronic peri-

odontitis and those with generalized

aggressive periodontitis. Rescala et al.

Table 2. Concentrations and total amounts of gingival crevicular fluid interleukin-8 (IL-8) and lipoxin A4 (LxA4) in the study groups

Studygroup IL-8 (pg/mL) concentration IL-8 (pg/30 s) total amount LxA4 (pg/mL) concentration LxA4 (pg/30 s) total amount

S-GAgP 566.53 � 37.27*,╫ 338.98 � 19.14*,╫ 106.65 � 10.99‡, §,╫ 67.75 � 9.13‡, §,╫

S-CP 443.37 � 22.36*,╫ 269.04 � 10.77*,╫ 202.08 � 18.28‡,╫ 135.09 � 18.13‡,╫

SG 192.88 � 11.00# 58.64 � 3.02# 682.47 � 64.78 207.96 � 18.53

SH 144.63 � 7.38 28.60 � 2.18 – –
N-GAgP 375.05 � 25.88**,╫ 258.04 � 10.64**,╫ 257.48 � 14.77‡‡,╫ 186.21 � 14.89╫

N-CP 284.98 � 21.28**,╫ 185.90 � 8.22**,╫ 317.94 � 20.92‡‡,╫ 214.93 � 15.91╫

NG 159.72 � 10.24## 50.77 � 6.41## 871.16 � 133.68 285.06 � 43.82

NH 106.57 � 7.36 20.33 � 0.58 – –

Values are given as mean � standard error of the mean.
*Significantly different from SG and SH groups (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.001).
#Significantly different from the SH group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.05).
**Significantly different from NG and NH groups (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.001).
##Significantly different from the NH group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.01).
§Significantly different from the S-CP group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.05).
‡Significantly different from the SG group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.001).
‡‡Significantly different from the NG group (Welch’s ANOVA, p < 0.001; post-hoc Tamhane test, p < 0.05).
╫Significant difference between smokers and nonsmokers with the same periodontal status (Welch’s ANOVA, p < 0.001; post-hoc Tam-

hane test, p < 0.05).

N-CP, nonsmokers with chronic periodontitis; NG, nonsmokers with gingivitis; N-GAgP, nonsmokers with generalized aggressive peri-

odontitis; NH, periodontally healthy nonsmokers; S-CP, smokers with chronic periodontitis; SG, smokers with gingivitis; S-GAgP, smok-

ers with generalized aggressive periodontitis; SH, periodontally healthy smokers.

Table 3. Correlations of the gingival crevicular fluid interleukin-8 (IL-8) and lipoxin A4 (LxA4) levels with clinical parameters of the sam-

pling sites of smokers and nonsmokers

Clinical parameter

IL-8 (pg/mL)

concentration

IL-8 (pg/30 s)

total amount

LxA4 (pg/mL)

concentration

LxA4 (pg/30 s)

total amount

Smoker Non smoker Smoker Non smoker Smoker Non smoker Smoker Non smoker

PI R = 0.54

p < 0.01

R = 0.43

p < 0.01

R = 0.52

p < 0.01

R = 0.56

p < 0.01

R = �0.30

p < 0.05

R = 0.36

p < 0.05

NS NS

GI R = 0.61

p < 0.01

R = 0.55

p < 0.01

R = 0.68

p < 0.01

R = 0.64

p < 0.01

R = �0.31

p < 0.05

R = 0.36

p < 0.05

R = 0.27

p < 0.05

NS

Probing pocket depth R = 0.84

p < 0.01

R = 0.71

p < 0.01

R = 0.93

p < 0.01

R = 0.86

p < 0.01

R = �0.82

p < 0.01

R = 0.62

p < 0.01

R = 0.58

p < 0.01

R = 0.29

p < 0.05

Clinical attachment level R = 0.82

p < 0.01

R = 0.72

p < 0.01

R = 0.92

p < 0.01

R = 0.87

p < 0.01

R = �0.81

p < 0.01

R = 0.64

p < 0.01

R = 0.47

p < 0.01

R = 0.30

p < 0.05

BOP R = 0.82

p < 0.01

R = 068

p < 0.01

R = 0.90

p < 0.01

R = 083

p < 0.01

R = �0.76

p < 0.01

R = 060

p < 0.01

R = 0.52

p < 0.01

R = 0.25

p < 0.05

Gingival crevicular fluid R = 0.47

p < 0.01

R = 0.51

p < 0.01

R = 0.86

p < 0.01

R = 0.82

p < 0.01

R = �0.57

p < 0.01

R = 0.59

p < 0.01

R = 0.44

p < 0.01

R = 0.59

p < 0.01

Values were calculated using Pearson correlation analysis.

BOP, bleeding on probing; GI, gingival index; PI, plaque index.
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(32) reported similar results for IL-8

in gingival supernatant. In contrast,

Giannopoulou et al. (19) and Ertu�grul

et al. (33) found total gingival crevic-

ular fluid IL-8 values to be higher

among patients with generalized

aggressive periodontitis than among

patients with chronic periodontitis.

When gingival crevicular fluid IL-8

levels were evaluated according to

smoking status in the present study,

the concentrations and total amounts

of gingival crevicular fluid IL-8 were

significantly higher in smokers with

chronic and generalized aggressive

periodontitis than in nonsmokers with

similar periodontal health statuses,

and slightly higher among smokers

with gingivitis and healthy periodon-

tal status than among nonsmokers

with gingivitis and healthy periodon-

tal status, although the differences

between the latter groups were not

statistically significant. Various expla-

nations have been put forward

regarding the effects of smoking on

gingival crevicular fluid IL-8 levels,

which has previously been shown to

vary according to the type of peri-

odontal disease (gingivitis, chronic

periodontitis or aggressive periodonti-

tis) (18,19,34,35). A recent study by

Kaval et al. (36) found that apart

from a clear difference in salivary

cotinine concentrations between

smokers and nonsmokers with chronic

periodontitis, other biochemical

parameters, including gingival crevicu-

lar fluid IL-8, were similar for both

groups of patients. An earlier study

by Kamma et al. (34) also reported

similar gingival crevicular fluid IL-8

levels for smokers and nonsmokers

with aggressive periodontitis. In con-

trast to these findings, Tymkiw et al.

(21) reported gingival crevicular fluid

IL-8 levels to be significantly higher

in smokers with chronic periodontitis

than in nonsmokers with chronic peri-

odontitis. Giannopoulou et al. (19)

also found IL-8 levels in gingival

crevicular fluid of smokers to be

higher than in nonsmokers with a

similar periodontal status.

The significantly higher gingival

crevicular fluid IL-8 levels observed in

this study in smokers with aggressive

and chronic periodontitis compared

with nonsmokers with the same peri-

odontal status may be an indication

of the effects of smoking on PMN

chemotaxis and migration in the peri-

odontium, especially under diseased

conditions (22–24). Alternatively,

given that smoking has been shown

to have a direct negative effect on the

progression of periodontal disease, as

well as on the treatment of this dis-

ease, the findings described above

could be a result of changes in IL-8

expression in diseased periodontal tis-

sue caused by smoking.

Our study found a positive correla-

tion between gingival crevicular fluid

IL-8 values and clinical assessments in

both smokers and nonsmokers. This

correlation is an indication that the

release of IL-8 from inflamed peri-

odontal tissue is dependent upon the

severity and extent of periodontal

destruction and is in line with previ-

ous studies showing a connection

between gingival crevicular fluid IL-8

levels and the severity of periodontal

disease (19,31–33). Furthermore, the

increase in gingival crevicular fluid

IL-8 levels observed in subjects with

aggressive periodontitis, although not

statistically significant, suggests that

increases in gingival crevicular fluid

IL-8 content may be related to dam-

age associated with the severe level of

destruction caused by this type of

periodontal disease. The lack of a sig-

nificant difference between the gingi-

val crevicular fluid IL-8 levels of

subjects with chronic periodontitis

and those with generalized aggressive

periodontitis may be explained by the

small study population and/or the

similarity in the clinical assessments

of the different periodontitis groups.

Our study also found gingival

crevicular fluid LxA4 levels to be sig-

nificantly lower among smokers with

generalized aggressive periodontitis

than among smokers with chronic

periodontitis, and slightly lower

among nonsmokers with generalized

aggressive periodontitis than among

nonsmokers with chronic periodonti-

tis. The total amounts and concentra-

tions of gingival crevicular fluid LxA4

were also lower among smokers with

gingivitis than among smokers with

periodontitis, and the concentrations

of gingival crevicular fluid LxA4 were

significantly lower among nonsmokers

with gingivitis than among nonsmok-

ers with periodontitis.

When LxA4 was evaluated accord-

ing to smoking status, the concentra-

tions and total amounts of gingival

crevicular fluid LxA4 were found to

be significantly lower among smokers

with generalized aggressive periodon-

titis and chronic periodontitis than

among nonsmokers with the same

periodontal status. The levels of gingi-

val crevicular fluid LxA4 were also

lower among smokers with gingivitis

than among nonsmokers with gingivi-

tis, but the difference was not statisti-

cally significant.

Given their role in leukocyte traf-

ficking, positive and negative endoge-

nous mediators of inflammation could

be referred to as local ‘stop’ and ‘go’

signals, with LxA4 among the most

important ‘stop’ signs (3,10,37). Both

experimental and human studies have

identified Lx molecules in a variety of

tissues and inflammatory exudates

(12,14,38–42). Several studies have

reported LxA4 to inhibit PMN

chemotaxis, adhesion to endothelial

cells and transmigration across

endothelial and epithelial cells in vitro

Table 4. Correlations between the levels of gingival crevicular fluid interleukin-8 (IL-8)

and lipoxin A4 (LxA4) in the sampling sites of smokers and nonsmokers

IL-8 (pg/mL)

Concentration

IL-8 (pg/30 s)

Total amount

Smoker Nonsmoker Smoker Nonsmoker

LxA4 (pg/mL) concentration R = �0.78

p < 0.01

R = �0.53

p < 0.01

R = �0.82

p < 0.01

R = �0.67

p < 0.01

LxA4 (pg/30 s) total amount R = �0.81

p < 0.01

R = �0.52

p < 0.01

R = �0.57

p < 0.01

R = �0.36

p < 0.05

Values were calculated using Pearson correlation analysis.
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(12,38,41,43,44). However, only a lim-

ited number of studies have examined

the effects of LxA4 on the pathogene-

sis of periodontal disease; moreover,

studies aimed at clarifying the role of

resolution mediators in the disease

process have been conducted using

animal models. For example, Serhan

et al. (9) found that the over-expres-

sion of 15-lipoxygenase Type I in rab-

bits increased the levels of

endogenous LxA4, thereby protecting

the host from developing periodontal

disease. The authors suggested that

there is an association between the

over-expression of LxA4 and tissue

degradation and bone loss as a result

of dampened PMN expression, and

that enhanced anti-inflammatory sta-

tus is an active process (9). In another

set of experiments, Pouliot et al. (45)

introduced the periodontal pathogen

Porphyromonas gingivalis into murine

dorsal air pouches and then triggered

Lx release through the administration

of metabolically stable analogous of

Lx and aspirin. The authors reported

that Lx blocked PMN traffic into the

dorsal pouch cavity, providing strong

support to the notion that Lx can

protect against periodontitis by limit-

ing PMN recruitment and PMN-me-

diated tissue injury (45). In a human-

based in vitro study, administration of

resolvin E1 and LxA4 to PMN and

monocytes obtained from the blood

of subjects with localized aggressive

periodontitis decreased PMN superox-

ide production in response to tumor

necrosis factor-alpha and bacterial

peptide N-formyl-methionyl-leucyl-

phenylalanine by 80% and repaired

compromised macrophage phagocytic

activity (46). In another recent study,

B€orgeson et al. (15) found that LxA4

antagonized P. gingivalis-induced

PMN and platelet activation in

human blood; the authors suggested

that this finding could contribute to

possible new strategies for preventing

and treating periodontitis and other

inflammatory disorders.

To the best of our knowledge, no

previously published study has

directly examined differences in gingi-

val crevicular fluid LxA4 levels

between healthy and diseased peri-

odontal tissue in conjunction with the

effects of smoking on these tissue

levels; however, several studies have

examined the interaction of smoking

and LxA4 in lung tissue. LxA4 has

been found to play a role as an anti-

inflammatory mediator in chronic

obstructive pulmonary disease

(COPD), which is characterized by an

enhanced inflammatory response to

smoking that persists despite quitting.

However, the findings regarding

COPD are inconsistent, with varia-

tions in response among tissue type.

For example, one study reported ele-

vated LxA4 levels in the sputum of

patients with COPD (47), whereas

another reported reduced LxA4 levels

in exhaled breath condensate (48) and

yet another reported similar LxA4

levels in lung tissue samples of current

and former smokers with COPD,

regardless of inflammation and dis-

ease status (49). Despite these contra-

dictory results, LXA4 treatment is

currently considered to be an impor-

tant and unique therapeutic approach

to reducing inflammation in COPD

(50).

In our study, a negative correlation

was found between clinical assess-

ments and LxA4 levels, indicating that

LxA4 may have the capacity to limit

host damage and promote the resolu-

tion of inflammation in diseased tis-

sue. At the same time, the significant

differences between LxA4 levels of

smokers with aggressive and chronic

periodontitis, compared with those of

nonsmokers with the same periodon-

tal status, may be linked to the patho-

physiologic effects of smoking on

inflammatory cell action, inflamma-

tory mediator production and the

capacity to deregulate the normal

response of periodontal tissues

(17,19,22).

In the present study, negative corre-

lations were found between the total

amounts and concentrations of IL-8

and the total amounts and concentra-

tions of LxA4 in the gingival crevicu-

lar fluid of both smokers and

nonsmokers with periodontal disease;

however, the correlation was much

stronger among smokers than among

nonsmokers. LxA4 has been identified

as a mediator in protecting the host

against PMN-mediated tissue injury

by limiting the production of the

chemokines that direct PMN traffick-

ing (38,43,51). Both in vitro and

in vivo studies have suggested that

LxA4 inhibits IL-8 production in vari-

ous tissues (52), cells (39,53–55) and

biological fluids (51,56). For example,

one study (57) found relatively high

concentrations of IL-8 in the sputum

of patients with severe asthma and

relatively low concentrations of LxA4

in the sputum of patients with mild

asthma, despite chronic airway

inflammation in both groups. A simi-

lar study (58) reported decreases in

sputum IL-8 concentrations accompa-

nied by increases in sputum LxA4

concentrations of patients being trea-

ted with antibiotics for chronic bron-

chial infection. All of these results are

in line with those of our study, sup-

porting our assumption that the

increases observed in IL-8, in con-

junction with decreases in LxA4, are

an indication of the anti-inflammatory

effect of lipid mediators. Furthermore,

the much stronger relationship be-

tween IL-8 and LxA4 observed in

smokers compared with nonsmokers

may be attributed to the connection

between smoking and increases in

cytokine release and accumulation of

inflammatory cells at disease-affected

sites (17,20).

The findings of the present study

are limited by the fact that cotinine

levels were not measured. Considering

that the amounts of IL-8 have been

suggested to increase in line with

increases in the period of stimulation

with nicotine and cigarette smoke

extracts (20,59,60), future studies

should assay cotinines, as well as IL-

8, to provide a better picture of the

dose-dependent effect of smoking on

IL-8 expression (34,60).

Conclusion

The complex effects of smoking on

periodontal and oral diseases, and the

mechanisms that mediate these dis-

eases, are still considerably important.

Given our findings on IL-8 and LxA4,

smoking effectively altered the levels

of neutrophil related pro-inflamma-

tory (IL-8) and anti-inflammatory

(LxA4) mediators, especially in
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individuals with aggressive and

chronic periodontitis. IL-8 and LxA4

molecules play important roles in

determining neutrophil function. On

the other hand, evaluating the levels

of Lx, one of the body’s own natural

anti-inflammatory mediators, could be

useful in clarifying the mechanism of

periodontal disease progression in

individuals predisposed to increased

periodontal destruction. Within the

limits of this study, we believe that

smoking might create an apparent

alteration in the local host response

of individuals and/or sites with severe

periodontal destruction, and hereby it

is important to identify the biological

mediators related to progressive peri-

odontal destruction, in order to for-

mulate recommendations for

preventing periodontal disease pro-

gression and developing strategies for

its treatment.
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