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Abstract
Aim: Platelet-activating factor (PAF) is a potent proinflammatory mediator and has
been implicated in cardiovascular pathophysiology. The present clinical study assessed
the relation between the severity of periodontal disease and PAF levels in gingival
crevicular fluid (GCF) and serum.

Methods: A total of 60 non-smoking subjects (21 periodontitis, 19 gingivitis patients
and 20 healthy individuals) were included. Probing depth, attachment level, bleeding
on probing, plaque index and sulphide levels were recorded at six sites of each tooth.
GCF and blood samples were collected from all individuals, and PAF levels were
investigated by enzyme-linked immunoabsorbent assay.

Results: The periodontitis group showed significantly higher PAF levels in the serum
(329.3 � 287.3 pg/ml) and GCF (21.8 � 7.0 pg/sample) compared with the gingivitis
group (138.0 � 77.9 pg/ml, 13.8 � 3.6 pg/sample) and with healthy controls
(68.9 � 42.8 pg/ml, 2.4 � 2.7 pg/sample). The differences between patients and
controls were statistically significant (p40.05). Positive correlations were observed
between PAF levels in GCF and serum and for PAF levels and clinical parameters.

Conclusion: The present findings suggest a role of PAF in the pathogenesis of
periodontitis. Based on the observed close correlation of GCF and serum PAF levels,
future studies are warranted to test the hypothesis of a possible link between
periodontitis and adverse systemic events mediated by PAF.
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Platelet-activating factor (PAF) is one of
the most potent and versatile proinflam-
matory mediators found in mammals
(Prescott et al. 2000). It can be produced
and released from a variety of cells,
especially activated inflammatory cells
like macrophages and lymphocytes
(Snyder 1990). PAF promotes aggrega-
tion, chemotaxis, granule secretion and
oxygen radical generation by leucocytes
and their adherence to the endothelium
(Behrens & Goodwin 1990, Denizot et
al. 1994, Ishii & Shimizu 2000). PAF

increases the permeability of endothelial
cells and stimulates the contraction of
smooth muscle (Stafforini et al. 2003).

The presence of PAF in human mixed
saliva was first reported in 1981 (Cox et
al. 1981). Pure parotid saliva apparently
has no detectable PAF activity, suggest-
ing that PAF in mixed saliva originated
from a source other than this salivary
gland (Cox et al. 1981). Healthy eden-
tulous patients had almost undetectable
levels of salivary PAF levels, suggesting
that PAF in mixed saliva may be derived
from periodontal tissues (McManus et
al. 1990). Consistent with this concept,
PAF has been detected in periodontally

inflamed gingival tissues (Noguchi et al.
1989) and in the gingival fluid of teeth
affected by periodontitis (Rasheed &
McManus 1990). A significant correla-
tion has been observed between salivary
and gingival fluid PAF levels and perio-
dontal disease progression, demonstrat-
ing a role of this mediator for the
pathogenesis of inflammatory diseases
(Garito et al. 1995, Emingil et al. 2001).

There has been considerable attention
directed towards the interaction between
oral and systemic conditions, and sev-
eral observations support the idea that
orally derived inflammatory mediators
could participate in the development of
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adverse systemic outcomes (Gemmell et
al. 1997, Loos et al. 2000, Loos 2005).
PAF has been implicated in cardiovas-
cular pathophysiology (Prescott et al.
1996).

The aim of the present study was to
examine the presence of PAF in gingival
crevicular fluid (GCF) and serum in
patients with periodontal disease, gingi-
vitis and healthy controls.

Materials and Methods

Study population

Sixty Chinese non-smoking subjects
from the Department of Periodontology,
Zhejiang University, were recruited for
the study. The Ethics Committee of the
Zhejiang University approved the study
and informed consent was obtained
from each subject. All participants
were in good general health and had
no history of systemic diseases or had
received any medication within the past
4 weeks. Subjects with more than 20
teeth were classified into three groups:
Untreated periodontitis group (Perio-
dontitis): 21 Chinese subjects (12
females and nine males, aged from 23
to 51 years) with a mean probing depth
X4 mm and bleeding on probing (BOP).
The patients exhibited a clinical and
radiographic attachment loss in four or
more teeth of the upper and lower jaw.
Gingivitis group (Gingivitis): 19 Chi-
nese subjects (10 females and nine
males, aged from 22 to 48 years) with
varying degrees of gingival inflamma-
tion, but no signs of attachment loss
observed by clinical and radiographic
examination. Healthy control group
(Healthy controls): 20 Chinese subjects
(11 females and nine males, aged from
22 to 53 years) with no clinical or
radiographic evidence of gingival or
periodontal disease.

Clinical examination

All subjects underwent a comprehensive
periodontal examination. Full-mouth
probing pocket depth (PPD), clinical
attachment levels (CAL) and BOP was
measured with a Michigan-O style
periodontal probe at six sites per tooth.
CAL were measured from the cemento-
enamel junction to the most apical
penetration of the periodontal probe.
Dental plaque was recorded at six sites
per teeth using the Silness–Löe Plaque
Index (Silness & Löe 1964). Sulphur
levels (SUL) within the gingival sulcus

were measured at six sites using the
Diamond Probe/Perio 2000 system
(Diamond General Development Corp.,
Ann Arbor, MI, USA) as described by
Zhou et al. (2004). The system com-
bines a conventional Michigan-O style
dental probe with a sulphide sensor for
the simultaneous measurement of PPD
and SUL.

Sampling of GCF and serum

GCF was collected as described pre-
viously by Lamster et al. (1991). Briefly,
before GCF sampling, the tooth surfaces
were dried gently by an air syringe and
were isolated by cotton rolls. Supragin-
gival plaque was gently removed. Paper
strips were carefully inserted into the
crevice until mild resistance was felt and
left there for 30 s. Care was taken to
avoid mechanical injury. Strips con-
taminated with blood were discarded.
For the periodontitis group, GCF sam-
ples were collected from one site per
quadrant with the deepest PPD. For the
gingivitis and the healthy control group,
GCF samples were collected from the
mesio-buccal site of the first molar per
quadrant. Papers were weighed before
and after sampling. The strips were
separately placed into 1.5 ml Eppendorf
tubes and maintained at � 201C until
further analysis. During the same
appointment, 3 ml vein blood was
sampled from the cubital vein of each
subject. The whole blood samples were
centrifuged at 2000 rpm for 2 min. The
serum was separated carefully and
stored at � 701C.

Laboratory assays

PAF concentrations in GCF and serum
were measured by an enzyme-linked
immunoabsorbent assay (Human Serum
PAF Assay Kit, TPI Inc., Lynnwood,
WA, USA). All procedures were per-
formed according to the manufacturer’s
instructions. All samples were assayed
in duplicate. For serum samples, the
concentration was calculated in pico-
gram per millilitre. For GCF samples,

the total amount of PAF was specified in
pg and the PAF concentration was cal-
culated in picogram per microlitre.

Statistical analysis

For all periodontal markers, full-mouth
data were calculated and means and
standard deviations were computed.
For the comparison of PAF levels
between different groups, means and
standard deviations were calculated
and differences were tested for statisti-
cal significance using the Kruskal–
Wallis H-test, followed by the Nemenyi
test. The significance level was set at
po0.05. For correlation analysis, the
Spearman rank correlation analysis was
used. All statistical procedures were
performed using the SAS statistical soft-
ware program (SAS Institute Inc., Cary,
NC, USA).

Results

Periodontal parameters

The mean values and standard devia-
tions for the clinical parameters in each
group are presented in Table 1. Statisti-
cally significant differences between the
three groups were observed for PPD
(p40.001). BOP and plaque scores in
the periodontitis and the gingivitis group
were significantly higher than in the
control group (p40.001). The mean
scores for CAL were significantly high-
er in the periodontitis than in the gingi-
vitis group and the healthy control group
(p40.001). No significant differences
were observed between the periodontitis
and the gingivitis group for the para-
meter BOP (p 5 0.183) and for the
plaque index (p 5 0.269). SUL levels
for the periodontitis group were signifi-
cantly higher than for the gingivitis and
the control group (p40.001), and SUL
levels of the gingivitis group were sig-
nificantly higher than for the control
group (p40.001).

Table 1. Mean scores of PD, AL, BOP, PLI and SUL in different groups (mean � SD)

Group n PPD (mm) CAL (mm) BOP (%) Plaque index SUL

Periodontitis 21 4.81 � 0.74 5.84 � 1.53 58.82 � 21.66 2.76 � 0.19 29.44 � 8.91
Gingivitis 19 2.88 � 0.17 0.00 � 0.00 46.30 � 15.26 2.56 � 0.41 18.17 � 4.21
Control 20 2.14 � 0.30 0.00 � 0.00 6.30 � 5.50 0.93 � 0.57 5.73 � 74.53

PPD, probing pocket depth; CAL, clinical attachment levels; BOP, bleeding on probing; SUL,

sulphur levels.
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PAF levels in serum and GCF

PAF levels in serum and GCF samples
are displayed in Table 2 and showed
significant differences for the serum
PAF concentrations between the three
different groups. The periodontitis group
exhibited significantly higher serum
PAF levels compared with the gingivitis
group (p 5 0.047) and the healthy con-
trol group (p 5 0.005). The concentra-
tion of PAF in the serum was
significantly higher for the gingivitis
group than for the control group
(p 5 0.019). The results for the total
amount of PAF in GCF were as follows:
the periodontitis group exhibited signifi-
cantly higher amounts of PAF compared
with the gingivitis group (p40.001) and
the gingivitis group showed significantly
higher amounts PAF than the control
group (p40.001). The PAF concentra-
tions in picogram per microlitre for
the periodontitis and the gingivitis
group were significantly higher than for
the healthy control group (p40.001),
whereas no significant differences
between the periodontitis and the gingi-
vitis group were found (p40.05).

Correlation analysis

PAF concentrations in the serum (pico-
gram per mililitre) and PAF levels in
GCF (picogram per sample) demon-
strated a positive correlation with clinical
markers of periodontitis (Fig. 1). PAF
concentrations in the serum were posi-
tively correlated with PPD (r 5 0.832),
CAL (r 5 0.636), PLI (r 5 0.871), SUL
(r 5 0.803) and BOP (r 5 0.647). PAF
levels in GCF were positively correlated
with PPD (r 5 0.921), CAL (r 5 0.740),
PLI (r 5 0.869), SUL (r 5 0.904) and
BOP (r 5 0.929). The significance level
for all correlations was p40.001. PAF
levels in serum showed a significantly
positive correlation to PAF levels (pico-
gram per sample) in GCF as well as to
PAF concentration (picogram per micro-

litre) in GCF (r 5 0.896 and r 5 0.899,
respectively; Fig. 2). The significance
level was p40.0001.

Discussion

The present study demonstrated that
Chinese patients having periodontitis
and gingivitis exhibited elevated levels
of the inflammatory mediator platelet-
aggregating factor in the serum and
gingival fluid compared with healthy
controls. PAF levels both in the serum
and in GCF had significant positive
correlations with all clinical periodontal
parameters including sulphide levels.

It is generally accepted that analysis
of GCF constituents can provide infor-
mation on specific metabolic changes
and periodontal disease status (Lamster
& Novak 1992, Ozmeric 2004). How-
ever, in the present study the total
amount of PAF in GCF was significantly
higher in periodontitis than in gingivitis
patients, but the concentration of PAF in
the sulcular fluid failed to show signifi-
cant differences between both groups. It
has been demonstrated that the rate of
fluid increases in inflammation (Att-
ström 1970) but the increase in the
amounts of individual components may
not be proportional to that of the fluid,
as it has been demonstrated for example
for alkaline phosphatase (Binder et al.
1987). The expression of PAF levels as
concentration may introduce an addi-
tional source of error due to collection
of variables volumes of fluid and there-
fore, it has been suggested to replace
concentrations by total amounts (Lam-
ster et al. 1986).

Previous studies reported that PAF
levels in saliva and gingival fluid of
patients having gingival and periodontal
diseases are elevated compared with
healthy controls (Garito et al. 1995,
Emingil et al. 2001), which is in agree-
ment with the present results. The ele-
vated levels of PAF in GCF in patients

having periodontitis and gingivitis sug-
gested an important role of this lipid
mediator in the pathogenesis of gingivi-
tis, periodontitis and a potential involve-
ment of this mediator in the
development of systemic diseases. PAF
is synthesized by a variety of cells
(Snyder 1990), activates neutrophils
and regulates the induction of chemo-
taxis, superoxide generation and degra-
nulation (Ishii & Shimizu 2000). Upon
activation, it can stimulate the release of
a variety of lysosomal enzymes, arachi-
donic acid metabolites and cytokines,
which can further induce PAF synthesis
(Ishihara et al. 2000, Stafforini et al.
2003). The importance of this mediator
in the course of periodontitis was under-
lined by the reduction of PAF levels in
saliva after initial periodontal therapy
(Rasch et al. 1995). In a recently pub-
lished paper, it has been shown that the
plasma levels of lipoprotein-associated
phospholipase A(2), also known as PAF
acetylhydrolase (PAF–AH), which par-
ticipates in the degradation of PAF, was
also reduced after periodontal therapy
(Lösche et al. 2005). A specific mutation
that inactivates PAF–AH increased the
risk for myocardial infarction (Yamada
et al. 1998). In addition, altered serum
lipoprotein profiles and decreased PAF–
AH activity were observed in cases of
generalized aggressive periodontitis
compared with healthy controls (Rufail
et al. 2005). The molecular mechanism
linking elevated PAF levels in GCF and
serum with PAF–AH activity and the
risk for myocardial infarction should be
evaluated in future studies.

In the present paper, it was demon-
strated that clinical measures of perio-
dontitis such as bleeding scores, probing
depth or attachment loss were positively
correlated with serum and gingival fluid
levels of PAF. In contrast, no correlation
was found for PAF levels in gingival
tissues and GCF compared with clinical
measurements in a study published by
Emingil et al. (2001). This discrepancy
could be attributed to the different num-
ber of patients and singularities of the
ethnic groups participating in the two
studies that has been addressed earlier
(Persson et al. 2004).

In the present study, sulphide levels
increased from periodontal health, to
gingivitis and to periodontitis and were
significantly correlated with all perio-
dontal parameters. These sulphide
compounds originate from bacterial
metabolism and accumulate in perio-
dontal pockets, causing cellular des-

Table 2. PAF level in serum and GCF from different groups (mean � SD)

n PAF levels

serum (pg/ml) GCF (pg/
sample)

GCF (pg/ml)

mean SD mean SD mean SD

Periodontitis 21 329.31 287.28 21.78 7.01 26.65 9.04
Gingivitis 19 138.03 77.86 13.84 3.58 21.73 7.77
Healthy control 20 68.94 42.75 2.44 2.72 6.66 4.05

PAF, platelet-activating factor; GCF, gingival crevicular fluid.
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truction (Torresyap et al. 2003). As
traditional diagnoses of periodontal
infections are retrospective in nature
and routine detection of bacteria in

periodontal pockets is very time con-
suming, the detection of sulphide levels
in the early stage of bacterial activity
may represent a new focus.

PAF has direct and potent effects
upon cardiac function and has been
implicated in cardiovascular pathophy-
siology (Prescott et al. 1996, Tselepis &
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Chapman 2002). Interestingly, salivary
PAF levels are transiently increased in
subjects presenting with myocardial
infarction (Jones et al. 1994). In addi-
tion, PAF appears to have a role in
reproductive pathophysiology including
labour in normal and pre-term preg-
nancy (Narahara et al. 1996). Other
mediators derived from periodontal tis-
sues like C-reactive protein and IL-6
were detected in higher concentrations
in the serum of periodontally diseased
patients compared with healthy controls
and may also promote adverse systemic
effects (Loos et al. 2000, Buhlin et al.
2003). In agreement with these studies,
other researchers found a significant
reduction of the mediators IL-6 and C-
reactive protein after periodontal ther-
apy (D’Aiuto et al. 2004). Based on
these observations, it is conceivable
that the proinflammatory mediator PAF
synthesized within the oral cavity –
among others – may play a significant
role in the initiation or progression of
non-oral inflammatory processes to pro-
mote the manifestation of systemic dis-

eases. These orally derived mediators
may increase the inflammatory reaction
in atherosclerotic lesions and potentially
the risk for cardiac events, as several
studies have shown that periodontitis is
a significant risk factor for coronary
heart diseases (Jansson et al. 2001,
Haynes & Stanford 2003, Geerts et al.
2004).

In conclusion, elevated PAF levels in
both the serum and GCF samples from
patients with periodontal disease sup-
port the role of this lipid mediator as a
marker in human destructive periodontal
diseases and the potential contribution
of PAF from periodontal lesions for the
development of coronary heart diseases.
Future studies are warranted to investi-
gate whether periodontal treatment will
lead not only to a reduction of PAF
levels in GCF but also in the serum.
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Clinical Relevance

Scientific rationale: Measurements
of PAF in GCF and serum in subjects
with periodontitis, gingivitis and
healthy controls are warranted to
determine the impact of this inflam-
matory mediator in local inflamma-
tion and on cardiovascular diseases.

Principal findings: We found signifi-
cantly elevated levels of PAF in GCF
and serum in diseased subjects com-
pared with healthy controls. The PAF
levels in the serum and GCF were
positively correlated to the clinical
parameters of periodontitis.
Practical implications: The elevated

levels of PAF in GCF and serum in
periodontitis and the implication of
this mediator in cardiovascular dis-
eases support the concept of a link
between periodontitis and adverse
systemic effects.
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