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Abstract
Background—Analysis of samplings from periodontal pockets is important in diagnosis and
therapy control of periodontitis. In this study, three different sampling techniques were compared
to determine if one method can yield samples suitable for reproducible and simultaneous
determination of bacterial load, cytokines, neutrophil elastase, and Arg-specific gingipains. R-
gingipains are an important virulence factor of Porphyromonas gingivalis, the exact concentration
of which in gingival crevicular fluid (GCF) has not yet been quantified.

Methods—GCF was sampled from four sites per patient (each two sites one method) in 36
chronic periodontitis patients. One week later, the procedure was repeated with alternative
methods. The variables that had been determined were: loads of Aggregatibacter
actinomycetemcomitans and P. gingivalis, levels of interleukin-6 and interleukin-8, activity of
neutrophil elastase and level of R-gingipains.

Results—The detected cytokine levels were higher using paper strips compared to paper points.
Bacteria were found in similar loads from the paper strips and paper points. R-gingipains were
detectable in high quantities only by washing of the periodontal pocket. The level of R-gingipains
correlated with the load of P. gingivalis.

Conclusion—The use of paper strips is suitable for simultaneous determination of microbial and
immunological parameters. Obtaining GCF by washing can be useful for special purposes.
Gingipain concentration in periodontal pockets was directly determined to be up to 1.5 μM. This
value indicates that most of so far identified substrates of these proteases by in vitro assays can be
easily degraded in P. gingivalis infected sites.
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In periodontal disease, gingival crevicular fluid (GCF) is an inflammatory exudate. GCF
contains substances from the host, as well as from supra- and subgingival located bacteria.
Host constituents include molecules from blood and periodontal tissues. Inflammatory and
immune cells that have infiltrated into the periodontal tissues are found in GCF together
with markers of inflammation, including enzymes, cytokines, and interleukins. Further,
products of tissue breakdown can also be detected in GCF.1

Analysis of gingival crevicular fluid and subgingival microflora became more and more
important in diagnosis and therapy control of periodontal diseases. The presence of large
numbers of periodontopathic bacteria in GCF, such as Aggregatibacter
actinomycetemcomitans and members of the so called “red complex”, including
Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola indicate clinically
important microbial infection.2, 3P. gingivalis is strongly associated with severe chronic
periodontitis.4 Among the variety of virulence factors of that species, arginine-specific
gingipains (HRgpA, RgpB) and lysine-specific gingipain (Kgp) play a major role in
maintenance of inflammatory conditions in periodontitis.5 They are able to impair neutrophil
function as well as to degrade the extracellular matrix and bioactive peptides such as
complement factor C5, prekallikrein and kininogen.6 Furthermore, Rgp and Kgp can
inactivate interleukin (IL)-67 and inhibitors of neutrophil proteases,8 just to mention a few
important targets for the gingipain activity.9

In periodontitis, levels of cytokines and activities of host derived enzymes in GCF are used
for characterization of inflammation and the host response to subgingival microbiota, which
in the case of P. gingivalis and other periodontopathic bacteria is initiated and regulated by
locally synthesized or released inflammatory mediators, including major inflammatory
cytokines. Increased levels of expression and synthesis of IL-1, tumor necrosis factor α
(TNFα), IL-6, and IL-8 have been detected in periodontal tissues.6 Effective host response to
bacterial challenge is primarily mediated by neutrophils and characterized by an influx of
neutrophils into gingival crevice.10 Elastase levels are among the highest of any proteinase
activity determined in GCF during periodontal inflammation.11 It has been shown that
assessment of the granulocyte elastase activity in GCF can serve as a marker of the
intracrevicular granulocyte activity.12

Different techniques were described for sampling the contents of the periodontal pocket.13

Sampling of subgingival bacteria seems to be suitable with curettes or with paper points,14

while cytokines and host enzymes were usually collected with filter paper strips.15 There are
considerable variations in the application of the paper strip method of collection. The
methods may be broadly divided into intracrevicular and the extracrevicular techniques. The
intracrevicular sampling is the most frequently used method and can be further subdivided
into a superficial (entrance of the crevice) and a deep (until a minimum of resistance is felt)
method.13

The washing technique seems to be a possible alternative when other sampling methods
failed, e.g., we reported recently about the levels of cathelicidin LL-37 in GCF of patients
with periodontitis.16 Preliminary experiments in that study demonstrated that LL-37 was
detectable in GCF by using Western blot technique only if GCF was sampled with the
washing technique.

The aim of this study was to identify a method which can be used for different purposes (e.g.
microbiota and immunological variables). Moreover, different sampling techniques were
tested to effectively detect a parameter of special interest, in this case Rgp. Because of
missing data in the literature, an additional aim of this study was to investigate the level of
Rgp and its correlation to P. gingivalis in gingival crevicular fluid.
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MATERIAL AND METHODS
Subject recruitment

Thirty six subjects with chronic periodontitis were recruited from patients of the Department
of Conservative Dentistry (Section of Periodontology), University Hospital of Jena from
January 2008 till August 2008. The definition of chronic periodontitis was based on the
classification system of the “International Workshop for a Classification System of
Periodontal diseases and Conditions” from 1999.17 Patients with generalized chronic
periodontitis were included when they demonstrated: attachment loss ≥5 mm at more than
30% of sites and an age of ≥35 years. After hygiene phase, the plaque did not exceed
35%.18 To ensure similar periodontal conditions for comparison of sampling methods, each
molar per quadrant should have a site with a probing depth between 5 and 7 mm. Subjects
with significant systemic disease (e.g. diabetes mellitus, cancer or coronary heart disease),
antibiotic therapy within the last 6 months and pregnant or lactating females were excluded.
Only non-smokers with no history of smoking were included into the study. Ethical approval
was obtained from local ethics committee of the University of Jena. Written informed
consent was obtained from each subject prior to participation.

Clinical assessment
Probing depths (PD) were measured with a periodontal probe# at six sites per tooth.
Bleeding on probing (BoP) was calculated as the percentage of positive sites per subject.

Sample collection
Patients were randomized per lot into one of three groups. Group 1 compared paper strips
versus paper points, group 2 paper strips versus washing technique, and group 3 paper points
versus washing technique. GCF was sampled in each patient with two sampling techniques
only on molars with a probing depth from at least 5 mm and less or equal to 7 mm. One
method was performed at an upper and lower molar of the right side and the other method at
corresponding molars of the left side of the oral cavity. After one week, the collection of the
samples was repeated using the opposite sites.

Samples were collected in the morning, 2–3 h after breakfast. The sites to be sampled were
isolated with cotton rolls and gently air-dried. Paper strips** and paper points (ISO 30)††

were gently placed for 30 seconds into the pocket until a minimum of resistance was felt.
Samples were eluted at 4°C overnight into 500 μl phosphate buffered saline (PBS). After
being centrifuged at 400 g for 4 min, the paper points/strips were removed; both paper
points/strips and the supernatants were kept frozen at −20°C until assayed. Crevicular
washes were obtained using a previously described method.19, 20 A gel loading capillary tip
was carefully inserted into the crevice at a level of approximately 1 mm below the gingival
margin. In each case, 5 sequential washes with 10 μl of 0.9% sodium chloride were
performed using a micropipette. The washes were transferred into a microcentrifuge tube,
centrifuged at 400 g for 4 min; following that, the supernatants were immediately frozen and
kept at −20°C until analyzed. All samples containing blood were discarded and sampling
was repeated two days after.

#PCP-UNC 15, Hu Friedy, Leimen, Germany
**Periopaper; Oraflow Inc., Smithtown, New York, USA
††Dentsply-De-Trey GmbH, Konstanz, Germany
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Microflora
The DNA was extracted using a DNA extraction system‡‡ according to recommendations of
the manufacturer from the paper points/strips after elution and 5 μl of the washes. Real-time
polymerase chain reaction (PCR) was carried out using a real-time rotary analyzer§§. The
primer for P. gingivalis21 and A. actinomycetemcomitans22 were designed as described
before. PCR amplification was carried out in a reaction volume of 20 μl consisting of 2 μl
template DNA and 18 μl of reaction mixture composed of 2 μl 10 × PCR buffer, 2.75 mM
MgCl2, 0.2 mM nucleotides, 0.5 μM primer each, 10−4 SybrGreen, 1 U taq polymerase.□□
Negative and positive controls were included in each batch of specimens. The positive
control consisted of 2 μl genomic DNA in concentrations in a range from 102 to 107 bacteria
of the reference strains, the negative control was 2 μl of sterile water, each added to 18 μl
reaction mixture. The cycling conditions comprised an initial denaturation step at 95°C for 5
min, followed by 45 cycles at 95°C for 15 seconds, at 65°C (exception A.
actinomycetemcomitans 62°) for 20 seconds using a touch-down for five cycles, at 72°C for
20 seconds. The sensitivity and specificity of the method was checked by well characterized
bacterial strains and subgingival plaque specimens. Furthermore, the specificity of the
amplification was always assayed with the use of melting curves. For quantification, the
results from unknown plaque specimens were projected on the counted pure culture standard
curves of the target bacteria. The numbers of bacteria were classified by using log-stages.

Neutrophil elastase
Neutrophil granulocyte elastase (NE) activity was measured with a microplate assay by
using the chromogenic substrate N-Methoxysuccinyl-Ala-Ala-pro-Val-pNa.¶¶23 The assay
was performed in total volume of 150 uL with 0.75 mM final substrate concentration in 50
mM Tris-HCl, pH 7.5. The rate of pNA released was recorded at 405 nm by using a
microplate reader.## One unit was calculated as the amount of enzyme that hydrolyzes 1
nmol of substrate in 1 min.

Interleukin 6 and 8
The concentrations of the cytokines IL-6 and IL-8 were determined by commercially
available ELISA kits*** as described in the manufacturer's instruction. The detection level
of the kits was about 2 pg/ml interleukin.

Antibody used in ELISA assay
Antibodies (IgY) anti HRgpA were raised in chickens as described by Pike et aliae.24 IgY
specific for the Rgp catalytic domain (identical in RgpA and RgpB) were purified by affinity
chromatography using immobilized RgpB. Anti-RgpB (clone 25G8.A8.G6) mouse mAb
was produced on-site in a monoclonal facility at the University of Georgia. Since caspase-
like domain of RgpB is essentially identical with the catalytic domain of RgpA obtained
mAb react with equal affinity with both Rgp gingipains.

Level of arginine specific gingipains (R-gingipains)
The level of the P. gingivalis protease R-gingipains in the GCF was determined by the
ELISA-technique. Hundred μl from the paper GCF eluate and 10 μl from each washing GCF
diluted 10-fold to 100 μl by addition of PBS were used. The wells of the microtiter plates

‡‡A&A Biotechnology, Gdynia, Poland
§§RotorGene 2000; Corbett Research, Sydney, Australia
□□Fermentas Life Science, St. Leon-Rot, Germany
¶¶Sigma-Aldrich, Taufkirchen, Germany
##Spectra Max 250, Soft Max Pro 4.7, Molecular Devices, Sunnyvale, USA
***BioSource, Invitrogen Corporation, Carlsbad, CA, USA
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were coated with the chicken antibody anti Rgp in the final concentration 1 μg/ml in
carbonate buffer (pH 9.6) for 12 h at 4°C. After blocking with bovine serum albumin (2% in
PBS; pH 7.4) for 2 h and washing 4-times with 200 μl of PBS-T (PBS-0.05% Tween 20),
HRgpA in 1% BSA/PBS-T (at concentration from 1 ng/ml to 100 ng/ml to generate a
standard curve), a negative control, and the GCF samples were added to the wells and a
plate incubated for 12 h at 4°C. After additional washing, secondary mAb anti Rgp catalytic
domain were added to each well (100 μl, the final concentration 1 μg/ml in 1% BSA/PBS-
T). The microtiter plates were incubated for 2 h, washed as described above, and incubated
with 100 μl of polyclonal antibody anti mouse conjugated with horse radish peroxidase
(HRP)**** at the final concentration 1μg/20ml in 1% BSA/PBS-T for 2 h. After washing,
substrate TMB (3,3′,5,5′,Tetramethylbenzidine 0.4g/l)††† (100 μl per well) was applied. The
reaction was stopped by addition of 100 μl of 1% H2SO4 and the absorbance was read at 450
nm.††††

In vitro study
Additionally, in vitro experiments were performed to determine the recovery levels of
known concentrations of P. gingivalis, A. actinomycetemcomitans, IL-6, IL-8, NE and R-
gingipains from paper points. In detail, bacteria were used in a range from 104 – 107 per μl.
IL-6 and IL-8‡†‡† were diluted to a final concentration of 62.5, 125 and 250 pg/μl. R-
gingipains and human neutrophil elastase was tested at concentrations between 0.3 and 1.2
ng/μl and between 0.025 and 0.1 μg/μl, respectively. Suspension or dilution media contained
always 10% human serum. One μl of the final solution or suspension of tested bacteria or
proteins was placed directly to the paper point and paper strip. Further processing of the
samples was made as described before for the clinical samples. Independent analysis was
made at least in triplicates.

Statistical analysis
The clinical data were expressed as means ± standard deviation (SD). Laboratory variables
are presented as median including quartiles. Groups were compared with the paired
Wilcoxon-test. The correlation between tested variables was made using Spearman-testA
Statistical software‡‡‡ was used for all statistical analyses.

RESULTS
Demographic and clinical data are presented in Table 1. Subjects of all groups showed
similar clinical signs; no difference between the groups was found to be statistically
relevant.

Comparison of the paper based methods
The cytokines IL-6 and IL-8 were detected more often when paper strips were used
compared to paper points. The cytokine IL-6 was measured in concentrations up to 250 pg/
site by means of the paper strips and 154 pg/site by means of the paper points (no
significance, p=0.311). IL-8 was analyzed in significant higher levels (p=0.001) by using the
paper strips (up to 350 pg/site) in relation to the paper point (246 pg/site). The levels of each
cytokine measured by both methods correlated positively (IL-6: R=0.565, p<0.001; IL-8:
R=0.337; p=0.019). The neutrophil elastase activity was measurable in 85% of the paper
strip samples and in 98% of the paper point samples. Levels were slightly (not significant,
p=0.130) higher when using paper points.

†††KPL, Gaithersburg, Maryland, USA
‡‡‡SPSS 15.0, SPSS, Chicago, IL, USA
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The measured bacterial loads did not differ significantly between the two sampling methods
(P. gingivalis: p=0.375; A. actinomycetemcomitans: p=0.627). Two third of the samples
have been found positive for P. gingivalis, contrary A. actinomycetemcomitans was
detectable in 25% of the paper point samples and in 33% of the paper strip samples. R-
gingipains were found only in two paper point eluates (4%) and 11 paper strip eluates
(22.9%). All R-gingipains positive samples were also positive for P. gingivalis; that means
Rgp was detected in 6% of the positive samples by using paper points and in 35% by using
paper strips (Fig. 1, Table 2).

Washing as a sampling method
In general, the cytokines were detected in higher levels using the washing method compared
to the paper based methods. These differences were most profound for IL-8 (significant
differences compared to both paper strip (p=0.012) and paper point (p<0.001)). The NE
activity was significantly lower in samples collected using the washing method compared to
paper strips (p=0.001; Table 2). Bacterial organisms were found in low numbers but,
nevertheless, there was a good correlation to the presence of specific bacteria collected with
other sampling methods (P. gingivalis: p=0.004 compared to paper strips, p=0.001
compared to paper points; A. actinomycetemcomitans: p=0.001 compared to paper strips,
p=0.002 compared to paper points; Table 2).

P. gingivalis and arginine specific cysteine proteases (R-gingipains)
When comparing different methods of sampling, R-gingipains were detectable in 49% of
GCF washes, 13% of the paper point samples and 26% of the paper strip samples. To
overcome limitations of individual methods, at least partially, the higher values of each of
the 144 sites obtained by the two methods were used for further analysis. Thus, 70 sites
(49%) were tested positive for Rgp and 109 sites (76%) for P. gingivalis; yielding 64%
overlap of the sites infected with P. gingivalis in which Rgps were found (median 1.45 ng/
site in P. gingivalis positive sites, maximum 38.2 ng/site). Analysis of all sites revealed that
the concentration of the Rgp gingipains correlated positively with the bacterial load of P.
gingivalis (R= 0.429; p<0.001). Nevertheless, when analysis was limited to sites positive for
P. gingivalis, no correlation was found (R=0.088; p=0.360) (Fig. 2) between the bacterium
load and the R-gingipains level.

In vitro-experiments
The mean recovery rate of the cytokines was higher from paper strips than from paper
points. The difference was more significant for IL-8 compared to IL-6 (Table 3). Only up to
30% of applied IL-8 was eluted from paper points. Concentration-dependent effects were
clearly visible. From the paper strips, the lower concentrations were nearly completely
released; contrary the highest tested concentration, e.g. at 250 pg IL-8 applied only 152 pg
of cytokine was recovered in solution (Fig. 3).

The bacterial load being still attached to papers after elution was found to be between
80.75% and 87.25%. It should be kept in mind that bacterial loads are normally counted as
log stages, so deviations appear to be smaller. The recovery rate of R-gingipains from papers
was low, independent of the concentration of the applied enzyme. The NE activity was
measured only after elution from endodontic paper points and only when the purified
elastase was applied as the highest amount (0.1 μg).

DISCUSSION
The quantity and quality of GCF samples are highly affected by the method of collection
and analysis.25–27 Different approaches in sampling techniques, sampling times and data
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presentation seems to be critical in GCF-profile studies.28 The wide range of volumetric
distribution, the site-specific nature, and the impact of distinct sampling site on volume were
described as important features of GCF. A standardization of the extent of probing depth,
degree of gingival inflammation and distinct sampling may improve the reliability of GCF
methology.29 For this reason, only patients with comparable probing depth, good oral
hygiene (plaque index < 0.35%) and low gingival inflammation (sample collection after
hygiene phase) to avoid contamination of GCF samples with blood were chosen. A
standardized time for collection of GCF by means of paper-based methods was applied since
the clinical situation is better represented by analysis of GCF based on time of sampling than
based on volume.30 This procedure allowed an instant freezing of samples to prevent
proteolysis. Nevertheless, the lack of samples standardization according to protein content or
collected volume can be considered as a limitation of the study.

Two paper-based sampling methods were compared: regular nitrocellulose paper point and a
filter paper strip. These methods are quick and easy to use, can be applied to individual sites
and are not traumatic when correctly used.13 Further, GCF was collected by an
intracrevicular washing technique. This technique uses the installation and continuous re-
aspiration of definite solutions, e.g. Hanks' balanced salt solution31 or PBS32 at the gingival
crevice. The method is highly sensitive, but requires participation of a trained, experienced
investigator to collect samples.

The GCF collection with filter paper strips is probably the most preferred sampling
method.33 Several studies used this method to analyze the level of different cytokines and
other biomarkers in GCF.30, 34–36 Significantly, amounts of IL-634 and IL-835 in GCF
reported in these studies are comparable with our data. Filter paper strips resulted in higher
IL-8 levels compared to paper points. This finding is supported by the in-vitro-analysis; the
recovery rate of IL-8 was much lower from endodontic paper points in comparison to paper
strips. An earlier study also reported an incomplete recovery of proteins from paper points
supposedly due binding of GCF proteins to the paper.37 The difference in elution of IL-6
and IL-8 is most likely due to difference in the structure, charge distribution and
hydrophobicity of these cytokines molecules.

Further, the recovery rate of the R-gingipains from both papers was only in the range of 23
to 26 percent of the predetermined concentrations. This low recovery of R-gingipains
explains the low number of positive samples collected by one of the paper based methods.
Intracrevicular washing was the only method detecting relevant amounts of R-gingipains.
After determination of the gingipain activity in periodontal pockets by others,38 to the best
of our knowledge, this is the first study measuring the level of the arginine specific protease
within gingival sulcus. Taking into account the molecular mass of R-gingipains9 and the
volume of GCF in periodontitis patients30 a concentration of up to 1.5 μM was found. This
finding is highly significant since it allows predicting if a specific gingipains substrate will
be degraded in vivo. For example, a 150-fold less concentration would be sufficient to
cleave IL-67 and is more than high enough to destroy complement,39 protease inhibitors,8
bactericidal peptides40 and impair neutrophil functions9 in periodontal pockets. This
underlines the importance of R-gingipains in vivo. Nevertheless, a correlation between the
level of R-gingipains9 and the load of P. gingivalis was not found. The level of synthesized
and released Arg-gingipains differs between strains9 and depends on environmental
conditions', e.g. contact to epithelial cells.41

Contrary the superiority of the washing method in determination of gingipains, paper-based
methods detected higher levels of the NE activity. Earlier studies indicated that neutrophil
elastase concentrations or activities in GCF can be used to identify differences between
disease activities within patients42, 43, therefore, this enzyme activity is an excellent
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qualitative measure of gingival inflammation.44 Elastase is one of proteolytic enzymes
present in the PMN primary granules, released on activation of the PMN and capable of
degrading extracellular matrix proteins of the connective tissue.45 The higher granulocyte
elastase activity has previously been observed in patients with periodontitis (both aggressive
and chronic) in comparison to healthy controls.46, 47 A positive correlation between the IL-8
level and the NE activity was found in GCF of periodontitis patients which was explained by
the intensity of the host inflammatory response induced by the IL-8-elicited activity to
activate granulocytes.30 Periodontal therapy reduced the level of IL-8, suggesting a
relationship between this cytokine and periodontal status.3434

The qualitative and quantitative composition of GCF with respect to subgingival microbiota
and host mediators is well known to reflect the severity of periodontal disease.
Unfortunately, clinical significance the analysis is often unclear since different sampling
methods are usually used to measure cytokines content and determine microflora of discrete
periodontitis sites.48, 49 In this study, the same sample was used for both analyses.
Surprisingly, as shown in the in-vitro-assays, more than 80% of the bacteria were still
attached on the paper points or strips after overnight elution with PBS and before extraction
of DNA. The pathogenic microflora was detected in nearly all patient samples with both
paper-based sampling methods. Papers are easy to insert into the gingival sulcus; the low
costs of endodontic paper points indicate their usage for determination of microflora only.
The outcomes of paper points for microbiological diagnostics were recently compared with
the sampling of subgingival biofilm with curettes. The authors concluded that paper points
are suitable for microbiological diagnostics.14

In this work we found that supernatants of GCF washes are not well suited for determination
of microflora. This is in contradiction to our previous studies there relevant numbers of
bacteria were detectable in samples obtained by the same method. The discrepancy can be
easily explained. In this study design we added a centrifugation step to remove cells and
detect only soluble cytokines and NE in GCF. At 400 g bacteria alone should not sediment
but they would if associated with host cells and/or tissue debris. Indeed, the analysis of
supernatants and sediments from five additional GCF washing samples revealed that
majority of bacteria was in pellets and only up to 10% were present in supernatants (data not
shown). This result suggests that before centrifugation 5 μl of the washing sample should be
retained for microbiological diagnostics.

Keeping in mind the limitations of the used method for detection of bacterial loads, it should
not be surprising that more samples were positive for R-gingipains (total: 47 samples) than
for P. gingivalis (total: 33 samples). The washing method is most suitable for detection of
the Rgp gingipains. In comparison to paper-based sampling methods it allows for the
collection of the highest amounts of the gingipains (significant difference p=0.018 washes
compared to paper point).

In conclusion, the washing technique is an alternative sampling method of GCF for special
purposes when sampling by paper-based methods fails. Paper points are suitable for
determination of the microflora and can be recommended for daily microbiological analysis
in dental practice. Paper strips are the method of choice for most of biomarkers in
immunological studies; a combined determination of periodontopathic bacteria seems to be
possible.

Short summary
The use of paper strips is suitable for simultaneous determination of microbial and
immunological parameters; obtaining gingival crevicular fluid by washing of the
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periodontal pocket might be useful for special purposes, such as determination of
bacterial proteases.
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Figure 1.
Levels of Interleukin (IL)-6 and IL-8, activity of neutrophil elastase, bacterial loads of P.
gingivalis and A. actinomycetemcomitans as well as levels of arginine specific cysteine
proteases (R-gingipains derived from Porphyromonas gingivalis) in gingival crevicular fluid
determined by using paper points and paper strips for sampling material
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Figure 2.
Levels of arginine specific cysteine protease (R-gingipains derived from P. gingivalis) in
gingival crevicular fluid in relation to the load of P. gingivalis
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Figure 3.
Recovered levels of cytokines applied in vitro onto paper points and paper strips
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Table 1

Demographical and clinical data

Variable Group 1 Paper strips vs. Paper
points n = 12

Group 2 Paper strips vs.
Washing n = 12

Group 3 Paper points vs.
Washing n = 12

Age (mean ± SD) (years) 42.17 ± 5.74 41.00 ± 4.75 40.88 ± 5.69

Gender (m:f) 7 : 5 5 : 7 5 : 7

Full mouth PD (mean ± SD) (mm) 3.99 ± 0.66 3.92 ± 0.55 3.95 ± 0.61

Test site PD (mean ± SD) (mm) 5.82 ± 0.23 5.90 ± 0.30 5.88 ± 0.29

BoP (mean ± SD) (%) 78.40 ± 21.96 86.01 ± 15.29 83.12 ± 22.74
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Table 3

Recovery rate of cytokines, P. gingivalis, A. actinomycetemcomitans and RgpB (mean and SD).

Variables (Range of tested concentration) Recovery (%) Paper strips Recovery (%) Paper points

Interleukin-6 (62.5 – 250 pg) 84.75 ± 24.91 79.44 ± 27.98

Interleukin-8 (62.5 – 250 pg) 91.73 ± 26.98 36.29 ± 9.70

A. actinomycetemcomitans (104 – 107) 87.25 ± 5.80 83.25 ± 1.26

P. gingivalis (104 – 107) 80.75 ± 18.50 82.13 ± 13.26

R-gingipains (0.3 – 1.2 ng) 23.41±2.31 25.80 ± 4.65
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