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1. Introduction 

Periodontal lesions in chronic periodontitis are associated with a subgingival microbiota 
predominated by gram-negative anaerobic rods, spirochetes and other motile 
microorganisms (Tanner et al., 1979). Chronic periodontitis is a complex process itself 
involving periodontal microorganisms, immune system and host factors.  One reason for the 
augmented colonization of these periodontopathogens is believed to be related with a weak 
specific T helper 1-mediated immunity (Bartova et al., 2000; Breivik & Thrane, 2001; 
Wassenar et al., 1998) and, the immune response in patients with periodontal lesions may be 
inclined towards a strong T helper 2-mediated immunity. Immune functions can be 
enhanced by activating macrophages and establishing Th1 dominance (Inoue et al., 2002; 
Lee et al., 2002). The use of certain immunomodulating agents may stimulate immune 
response and activate macrophages and neutrophils. Beta-glucan (┚-glucan), a 
polysaccharide extracted from cell walls of Saccharomyces cerevisiae, has been found to have 
immunomodulatory effects in animals and humans (Babineau et al., 1994; Bleicher & 
Mackin, 1995; Chan et al., 2009; Engstad, 1994; Engstad et al., 2002). It increases resistance to 
bacterial infections and cancer cells while stimulating wound healing (Brown & Gordon, 
2001; Chan et al., 2009; Yun et al., 2003). Numerous studies have shown that ┚-glucan is a 
stimulator activating phagocytosis, respiratory burst, and the production of cytokines and 
chemokines in macrophages (Kankkunen et al., 2010; Sherwood et al., 1987, Williams &  
Di Luzio, 1980). Recently, the possibility of subcutaneous injections of ┚-glucan being able to 
modulate allergic sensitisation has been demonstrated in children (Sarinho et al., 2009). The 
authors proposed a new therapeutic strategy in allergic diseases as ┚-glucan possesses a 
beneficial action in restoring T helper 2 function (Sarinho et al., 2009). Furthermore, besides 
its antibacterial effects, antiviral and antifungal properties of ┚-glucan have been put 
forward (Bedirli et al., 2003; Di Luzio et al., 1980; Jung et al., 2004; Kenyon, 1983; Kernodle et 
al., 1998; Leblanc et al., 2006; Nicoletti et al., 1992; Tzianabos, 2000). The protective effect of 
┚-glucan has been established to Staphylococcus aureus (Di Luzio & Williams, 1978), 
Escherichia coli, Listeria monocytogenes, Mycobacterium leprae, Candida albicans (Williams et al., 
1978), Pneumocytis carinii, Leishmania donovani and Influenza virus (Jung et al., 2004).  

Transforming growth factor-beta1 (TGF-β1) plays a part in many different clinical processes, 
such as embryonal development, cellular proliferation and differentiation, wound healing, 
and angiogenesis via supression of collagenase production by fibroblasts and macrophages 
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(Edwards et al., 1987; Page, 1991) and inhibition of the release of procollagenase. Moreover, 
it increases the synthesis of extracellular matrix molecules by stimulating numerous cell 
types including fibroblasts and osteoblasts (Chen et al., 1987; Hakkinen et al., 1996; Matsuda 
et al., 1992). Expression and production of this growth factor both at periodontally healthy 
and diseased sites suggest that it contributes to maintenance of tissue integrity (Buduneli et 
al., 2001; Kuru et al., 2004a; Kuru et al., 2004b; Steinsvoll et al., 1999; Wright et al., 2003). 
Thus, these properties of TGF-β1 show its important role in the pathogenesis of periodontal 
disease and wound healing. 

Since ┚-glucan affects immune function with quickened macrophage activation and 
establishment of T helper 1 dominance, the tissue destruction seen in periodontal disease 
may be inhibited by the usage of this immunomodulating agent.  Chaple et al. (1998) have 
reported that there was a failure of the recruitment and activation of macrophages in the 
gingival samples obtained from untreated advanced periodontitis patients, compared with 
those of patients with gingivitis. Thus, the ability of ┚-glucan to stimulate macrophages 
seems to be very crucial. Breivik et al. (2005) evaluated the effect of ┚-1,3/1,6 glucan on the 
progression of ligature-induced periodontal disease in animals. Their findings showed that 
orally administrated ┚-glucan significantly reduced periodontal bone loss as measured on 
digital x-rays.  Stashenko et al. (1995) tested the effect of this biological response modifier on 
infection-stimulated alveolar bone resorption in an in vivo model.  Their findings supported 
the concept that ┚-glucan can decrease hard and soft tissue destruction in animals. Although 
┚-glucan has been suggested to enhance endogenous antibacterial mechanisms in 
neutrophils and to increase the healing potential of damaged tissues (Bedirli et al., 2003; 
Browder et al., 1988, Browder et al., 1990, Stashenko et al., 1995), so far, its effect on 
periodontal tissue healing as an adjunct to nonsurgical periodontal therapy (NPT) has never 
been investigated in humans. 

The aim of this chapter is to present the results of a controlled study investigating the effects 
of NPT with an adjunctive use of systemic β-glucan on clinical, microbiological parameters 
and gingival crevicular fluid (GCF) TGF-β1 levels in chronic periodontitis patients over a 3-
month period. 

2. Materials and methods 

2.1 Study population 

Twenty subjects between 30-56 years of age were selected among chronic periodontitis 
patients who applied to the clinics of Department of Periodontology, Dental Faculty, 
Marmara University, Istanbul, Turkey. Medical and dental histories were obtained and 
intraoral examinations were carried out at pre-screening visit. Patients were diagnosed to 
have chronic periodontitis according to the clinical and radiographic findings (Armitage 
1999). Inclusion criteria were as follows: to be systemically healthy, have at least two sites 
with a probing depth ≥ 5 mm in each quadrant and radiographic evidence of moderate to 
advanced chronic periodontitis. None of the patients had received antibiotics or periodontal 
treatment within the 6 months preceeding the study. Women who were pregnant, breast-
feeding or using oral contraceptives were excluded. In addition, 10 systemically and 
periodontally healthy subjects were selected as the healthy control group. None of these 
subjects had bleeding on probing or a history of medication in the past 6 months. All 
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patients were non-smokers. The protocol of the study was approved by the Ethics Commitee 
of Marmara University (Number: B.30.2.MAR.0.01.00.02/AEK-232). Patients who fulfilled 
the inclusion criteria provided written informed consent and participated in the study. 

2.2 Study design 

This study was a randomized, controlled, parallel group clinical trial of 3-month duration. 
With the purpose of evaluating the adjunctive effect of β-glucan, 20 chronic periodontitis 
patients were randomly divided into 2 groups: group 1 (n=10) received NPT only, group 2 
received NPT and adjunctive β-glucan (n=10). A total of two sessions of NPT were applied 
to all patients and group 2 patients used systemic β-glucan (10 mg, 1x1) for 40 days (Fig. 1).  

 

 
SRP=scaling and root planing 
GCF= gingival crevicular fluid 

Fig. 1. Study design. 

As shown in Fig. 1, this study was consisted of four main stages including pre-screening, 
screening, baseline (Day 0) and re-evaluation (3 month - day 91). Screening examination was 
conducted to assess the patient’s eligibility for participation. The periodontal status of each 
patient was assessed by a single blinded examiner (N.N.A.). The periodontal clinical 
measurements included gingival index (Löe & Sillness, 1963), plaque index (Sillness & Löe, 
1964) and bleeding on probing. Additionally, probing depth and relative attachment level 
were measured to the nearest mm with a periodontal probe using an individual occlusal 
stent as a reference point for probe placement.  Sampling was performed from sites with a 
probing depth ≥ 5 mm and subgingival microbiological and GCF samples were collected 
from different periodontal sites.  

Patients who were eligible for the study, returned to our clinic at baseline visit for sampling 
and application of NPT. At baseline, oral hygiene instructions including brushing and 
flossing were given. Then, full mouth scaling and root planing (SRP) was performed in all 
patients using an ultrasonic scaler (Cavitron® EMZ, Switzerland) and Gracey curettes (Hu-
Friedy Ins. Co, USA) until smooth root surfaces were achieved. The group 2 patients were 
further instructed to take one capsule of ┚-glucan (10 mg, 1x1) in the morning for 40 days. 
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At day 7, full mouth SRP was applied again in all patients. GCF samples were obtained at 
day 14. Clinical measurements and sampling procedures were repeated at 3-month re-
evaluation stage. 

2.3 Collection of GCF samples 

GCF samples were obtained at days 0 and 14, and 3 months after therapy. Two GCF samples 
from each chronic periodontitis patient were collected from mesio- and disto-buccal aspects 
of single rooted teeth exhibiting probing depth ≥ 5 mm. In the healthy control group, two 
GCF samples were collected from mesio- or disto-buccal aspect of single rooted matching 
teeth exhibiting probing depth ≤ 3 mm without any clinical sign of gingival inflammation 
and alveolar bone loss. 

Prior to GCF sampling, the selected sites were isolated with cotton rolls, saliva was removed 
using a high-power suction tip and supragingival plaque was removed using a periodontal 
probe to prevent saliva and/or plaque contamination (Griffiths et al., 1992). Paper strips 
(Periopaper; ProFlow, Inc., Amityville, NY, USA) were placed at the entrance of the crevice 
until mild resistance was felt and left in position for 30 seconds (Lamster et al., 1985). Strips 
contaminated with blood or saliva were discarded. The volumes of GCF collected were 
measured by weighing the papers, before and after sample collection, using a micro balance 
(AND 200-HM, Japan) (Kuru et al., 2004b). The weight of the fluid was converted to volume 
by assuming that the density of GCF was 1.0 (Cimasoni & Giannopoulou, 1988). The GCF 
samples were stored at -80°C until the day of laboratory analysis.  

2.4 TGF-β1 analysis in GCF 

The paper strips were allowed to thaw at room temperature for 30 minutes. GCF samples 
were eluted from the strips by placing them in 100 µl of phosphate-buffered saline (PBS) and 
stored at 4°C for up to 24 h prior to the laboratory procedures (Kuru et al., 2004a). 

GCF TGF-β1 levels were analysed by enzyme linked immunosorbent assay, using a 
commercially available Colorimetric Sandwich enzyme linked immunosorbent assay Kit 
(Quantikine DB100, R&D Systems, Minneapolis, MN, USA). In order to measure biological 
active TGF-β1, GCF samples were acidified using 20 µl 1 N HCL at room temperature for 10 
minutes. Then, the samples were neutralized by adding 20 µl 1.2 NaOH/0.5 M HEPES. The 
activated GCF samples were further analysed as described previously (Kuru et al., 2004a). 
Briefly, an aliquot of 200 µl of known concentrations (0, 31.2, 62.5, 125, 250, 500, 1000 and 
2000 pg/ml) of the activated recombinant human TGF-β1 standard and of the activated 
samples of GCF were added to the plate, which had been pre-coated with a recombinant 
human soluble receptor II which specifically binds human TGF-β1. The plate was covered 
with an adhesive strip and incubated at room temperature for 3 hours. Each well was 
aspirated and washed 3 times with 400 µl of the wash buffer provided, after which 200 µl of 
the detecting antibody (horseradish peroxidase-conjugated polyclonal antibody against 
TGF-β1) was added. The plate was again covered with an adhesive strip and incubated at 
room temperature for 1.5 hour. After washing 3 times, 200 µl of the substrate solution 
(tetramethylbenzidine containing H2O2) was added to each well and incubated at room 
temperature for 20 minutes. Following the addition of 50 µl of 2 M H2SO4 to stop the 
reaction, the absorbance at 450 nm was measured using a spectrophotometer. The 
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absorbance was also measured at 570 nm to determine any optical imperfections between 
the wells, and this value was subtracted from the absorbance at 450. A standard curve was 
prepared for each experiment and concentrations of TGF-β1 in samples were then calculated 
from this curve. The minimum detection limit of the assay kit was 4.61 pg/ml.   

2.5 Subgingival microbiological sampling 

Subgingival microbiological samples were collected at baseline and 3 months after therapy. 
The mesio- or disto-buccal site of a single-rooted tooth in the upper right quadrant 
exhibiting probing depth ≥ 5 mm was selected as the microbiological sampling site. 
Supragingival plaque was removed from the sampling site with a sterile curette followed by 
isolation using a cotton roll.  Subgingival plaque sample was collected with a standardized 
30# sterile paper point by inserting it into the crevice, and leaving in place for 10 seconds. 
Paper points contaminated with saliva or blood were discarded.  

2.6 Microbiological analysis 

The proportion of anaerobic microorganisms in the total flora was determined by 
microbiological culture method as described previously (Kuru et al., 1999; Noyan et al., 
1997; Yilmaz et al., 2002). Immediately after obtaining subgingival plaque, each sample was 
aseptically transferred into 4.5 ml of PBS and dispersed using a vortex mixer at maximal 
setting for 60 s. The dispersed samples were serially diluted and 0.2 ml portion of 10-1,  
10-2,….10-5 dilutions were spread on a solid agar medium using sterile bent glass rods. 
Trypticase soy agar plate (Oxoid, Oxoid Ltd., England) enriched with 0.0005 % hemin 
(Sigma, Sigma Chemical Co., USA), 0.00005 % menadione (Sigma), and 5 % defibrinated 
sheep blood, was inoculated for non-selective bacterial growth (Wolff et al., 1985). 
Furthermore, trypticase soy agar plate enriched with 5 % defibrinated sheep blood was used 
for cultivation for facultative anaerobic microorganisms.  

After 7 days of incubation of the supplemented trypticase soy agar plates in Gas Pak jars 
(Gas generating kit, Oxoid) in an atmosphere of 95 % H2 and 5 % CO2 at 370C, the total 
viable count was determined from the dilution giving 30-300 colonies. After 5 days of 
incubation of trypticase soy agar plate in air and 10 % CO2 at 370C, the total number of 
facultative anaerobes was determined. 

All the microbiological data were expressed as colony forming units/ml (CFU/ml). Obligate 
anaerobic bacteria was calculated as the total counts of anaerobically cultivable bacteria 
minus the total counts of facultatively anaerobic bacteria and expressed as a percentage of 
total viable count. 

2.7 Statistical analysis 

SPSS for Windows (Release 10.0, SPSS Inc., USA) was used for statistical analyses. The mean 
values for each periodontal measurement was calculated as the mean of whole mouth for 
each patient.  The mean for each periodontal parameter was also calculated separately for 
periodontal sites selected for microbial sampling with initial probing depth ≥5 mm for each 
patient.  Comparisons between the groups were carried out using the Mann-Whitney U test, 
and multiple comparisons within each group were performed using the Friedman test 

www.intechopen.com



 
Pathogenesis and Treatment of Periodontitis 

 

172 

followed by the Wilcoxon Sign test for comparisons of values between different time points. 
P values <0.05 were considered statistically significant. Lack of significance is indicated by 
not significant (NS). 

3. Results 

All of patients enrolled in this study completed the study protocol. None of the patients in 
group 2 complained of any adverse effects due to the systemic usage of ┚-glucan. Patient 
demographics are outlined in Table 1.  

 
 Group 1 Group 2 

n 10 10 
Age (mean years ± SD) 44.5 ± 9.4 42.4 ± 7.7 
Age range 30-56 33-52 
Gender (male:female) 8:2 4:6 

Table 1. Demographic characteristics of patients participated in the study. 

3.1 Clinical findings 

The self-performed plaque control program resulted in improved oral hygiene in all patients 
supported by the finding of significant reductions in full mouth plaque index scores in both 
groups (p<0.01) (Table 2). No significant difference was found between the groups 
regarding the plaque index values (p>0.05). Significant reductions were detected in full 
mouth gingival index and bleeding on probing parameters after therapy in both groups 
(p<0.01). However, the changes in mean gingival index and bleeding on probing values of 
the group 1 were not different than those of the group 2 (p>0.05). Probing depth 
measurements at sampling sites demonstrated significant reductions from baseline to 3 
month in both groups (p<0.01). When the probing depth reduction between the groups was 
compared, there was no significant difference (p>0.05). Significant attachment gain at 
sampling sites was achieved in both groups (p<0.01) (Table 2), but intergroup comparison 
yielded no significant difference between the groups (p>0.05) (data not shown).  

 
 Group 1 Group 2 

Parameter Baseline 3 Months Baseline 3 Months 
PI(Full mouth) 2.17 ± 0.38 0.36 ± 0.23* 2.28 ± 0.31 0.44 ± 0.31* 
GI(Full mouth) 2.36 ± 0.37 0.33 ± 0.21* 2.16 ± 0.47 0.45 ± 0.42* 
BOP(%)(Full mouth) 88 ± 11 9 ± 4* 84 ± 14 10 ± 6* 
PD (mm)(Sampling sites) 5.28 ± 0.16 3.35 ± 0.33* 5.38 ± 0.14 3.49 ± 0.15* 
RAL (mm)(Sampling sites) 9.40 ± 1.14 8.18 ± 1.23* 9.56 ± 0.80 8.44 ± 0.72* 

All values are expressed as mean ± standard deviation. 
* (p<0.01), Wilcoxon Sign test 
PI=Plaque index, GI= gingival index, BOP= bleeding on probing, PD= probing depth,  
RAL= relative attachment level  

Table 2. Clinical parameters of the study groups at baseline and 3 months after treatment. 
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3.2 Biochemical findings 

GCF volume of the groups 1 and 2 showed significant decreases during the experimental 
period (p<0.05) and intragroup comparisons revealed that the decreases between days 0-14, 
14-91 and 0-91 were significant in both groups (p<0.05) (Fig. 2). However, there were no 
significant differences in the changes of GCF volume between the groups (p>0.05).  

 
* p<0.05, between days 0-14, Wilcoxon Sign test, § p<0.05, between days 0-91, Wilcoxon Sign test. 
† p<0.05, between days 14-91, Wilcoxon Sign test. 

Fig. 2. Mean GCF volume of sampling sites in study groups.  

 
¤ p<0.01, compared to groups 1 and 2, Mann-Whitney U test 
* p<0.05, respective baseline value, Wilcoxon Sign test. 

Fig. 3. GCF TGF-β1 levels (pg/ml) of sampling sites in study groups at baseline and after 
therapy. 

¤ 
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When baseline GCF TGF-β1 concentrations of the groups 1 and 2 and the healthy group 
were compared, healthy group showed a significantly higher level of TGF-β1 than that of 
the groups 1 and 2 (p<0.01) (Fig. 3). At day 91, TGF-β1 concentration in GCF increased in the 
groups 1 and 2 when compared to their respective baseline values, but only the increase in 
the group 2 was found to be significant (p<0.05) (Fig. 3). However, no significant difference 
was found between the groups in the GCF TGF-β1 concentration level. 

3.3 Microbiological findings 

Total anaerobically grown microorganisms expressed as total viable counts in subgingival 
plaque samples before and 3 month after different treatment modalities, are given in Table 
3. NPT applied to the group 1 resulted in a decrease in total viable counts. A similar 
decrease was also noted when the group 2 patients received adjunctive β-glucan. However, 
these reductions were not significant (p>0.05). Furthermore, intergroup comparisons 
revealed no significant differences between the two groups (p>0.05). Fig. 4 demonstrates the 
proportions of obligate and facultative anaerobes of the study groups. Significant reductions 
were detected in the percentage of obligate anaerobic bacteria along with significant 
increases in the percentage of facultative anaerobic bacteria in both groups after therapy 
(p<0.01). However, no differences were found between the groups (p>0.05).  

 

Group 1 Group 2 p¥

Baseline
mean 49 88 NS
range 0.51-178 0.43-260

3 Month
mean 2 14 NS
range 0.05-6 0.06-130
pΩ NS NS

¥ Mann-Whitney U test,  ΩWilcoxon Sign test, NS=not significant 

Table 3. Total viable counts (x104 CFU/ml) of subgingival samples at baseline and after 3 months. 

 
* p<0.01, respective baseline value, Wilcoxon Sign test. 

Fig. 4. Proportions of obligate and facultative anaerobes in subgingival plaque samples of 
the groups 1 and 2.  
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4. Discussion 

This chapter presented a randomized, controlled, parallel group clinical study which was 
designed to evaluate the effects of NPT with or without adjunctive use of systemic ┚-glucan 
on clinical, microbiological and biochemical parameters in chronic periodontitis patients 
over a 3-month period. NPT is the first stage of periodontal therapy that aims to reduce the 
number of pathogen microorganisms in periodontal pocket leading to the resolution of 
inflammatory response and arresting the progression of disease, resulting in probing depth 
reduction and attachment gain (Greenstein, 1992; Cobb, 1996; Noyan et al., 1997, Yilmaz et 
al., 2002). It is well known that the efficacy of nonsurgical therapy is related to the baseline 
probing depth, and inflammatory changes are more pronounced in deeper pockets. 
Therefore, the effectiveness of NPT and adjunctive ┚-glucan in this study was evaluated for 
only periodontal sites with baseline probing depth ≥5 mm. Significant improvements in all 
measured clinical parameters (plaque index, gingival index, bleeding on probing, probing 
depth, relative attachment level) were observed 3 months following SRP procedure, as 
expected. Moreover, SRP supplemented with ┚-glucan resulted in significant clinical 
outcome. However, ┚-glucan appears to have no additional effect on clinical parameters 
recorded in the present study, as evidenced by insignificant difference between the groups. 

┚-glucan acts as an immunostimulant agent enhancing host-mediated immune responses to 
pathogens, especially by activating macrophages (Brown & Gordon 2001, Suzuki et al., 
2001). ┚-glucan stimulates macrophage phagocytosis (Lee et al., 2002) and changes the 
balance from immunglobulin G1 antibodies (T helper 2 dependent antibody subclasses) 
towards a T helper 1 dependent immunglobulin G2a response (Suzuki et al., 2001). It also 
stimulates the production of T helper 1-stimulating cytokine interferon-┛ but suppresses 
interleukin-4 which induces T helper 2 responses (Inoue et al., 2002). Therefore, ┚-glucan 
skew the T helper 1/T helper 2 balance towards a T helper 1-dominated response (Suzuki et 
al., 2001). The presence of a T helper 2-biased response to the periodontopathogens is 
supported by the observation that peripheral blood cells of patients release more T helper 2 
cytokines in response to periodontopathogens in vitro (Bartova et al., 2000, Wassenaar et al., 
1998). In the present study, concentration of GCF TGF-β1 increased following both therapies 
but the increase was significant only in the group 2 which received ┚-glucan. As TGF-β1 is a 
T helper 1 stimulating cytokine, the increase of this cytokine can be explained by this 
mechanism. 

In the present study, the level of TGF-β1 in GCF samples obtained from chronic 
periodontitis patients was investigated and compared with periodontally healthy 
individuals. TGF-β1 has a very important role in the pathogenesis of periodontal diseases 
and also in wound healing. To the best of our knowledge, no data is available on 
periodontal treatment with adjunctive use of ┚-glucan. Hence this is the first study to 
explore any effect of this immunomodulator agent on the treatment of chronic periodontitis 
patients. 

In the present study we have demonstrated that the healthy group had higher GCF TGF-β1 
concentration than the groups 1 and 2. This finding is in agreement with previous reports 
which found lower GCF TGF-β1 concentrations at inflamed sites when compared with 
healthy sites (Buduneli et al., 2001, Gürkan et al., 2005; Kuru et al., 2004a). Expression of 
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GCF constituents as concentration could result in higher levels at healthy sites where GCF 
volume is very low (Curtis et al., 1988, Emingil et al., 2000). Therefore, in healthy sites, high 
levels of TGF-β1 in GCF may be related to low GCF volume.  

TGF-β1 is a key mediator in resolution of inflammation (Sodek & Overall, 1992, Steinsvoll et 
al., 1999). This multifunctional growth factor has both pro-inflammatory and anti-
inflammatory properties (Wahl et al., 1993). Its effects on cell proliferation and 
differentiation suggest a key role for this cytokine in wound healing, tissue remodeling and 
regeneration (Sporn & Roberts, 1993). Thus, these properties of TGF-β1 indicate its 
important role in inflammatory wound healing. In the present study, concentration of GCF 
TGF-β1 increased following both therapies. After the elimination of microbial factors, as 
shown by decrease in the preposition of anaerobic species, there will be a rapid restoration 
of the periodontium; this might be the reason why the cytokine levels increased in our 
study. This increase was significant only in ┚-glucan group between day 0 and day 91. Since 
systemic ┚-glucan usage activates macrophages and neutrophils which produce TGF-β1 
when activated (Igarasi et al., 1993), the significant increase in group 2 might have occurred 
due the effect of ┚-glucan. In the study of Gürkan et al. (2005), only GCF TGF-β1 levels of 
subantimicrobial dose doxycycline group was significantly higher than baseline and placebo 
group at 3 months. On the other hand, the GCF TGF-β1 concentration in the 
subantimicrobial dose doxycycline group decreased while it increased in the placebo group 
at the end of 6-month period. The authors concluded that the drug efficacy at the 
biochemical level may continue as long as the agent is used. In accordance with our results, 
Gürkan et al. (2005), have demonstrated that the level of this growth factor increased after 
resolution of inflammation. Thus, it could be hypothesized that antiinflammatory role of 
TGF-β1 may be more potent than its proinflammatory properties during healing after NPT. 
However, the levels of this cytokine at different stages of healing process needs to be 
clarified with further studies. 

The demonstration of bacterial specificity in periodontal disease allows the clinician to 
direct therapy toward the elimination or suppression of the periodontopathogens in terms 
of antimicrobial treatment. As antibiotics have important disadvantages including side 
effects, drug resistance etc., recent researches have focused on new therapeutic agents 
alternative to antibiotics. Since ┚-glucan has been suggested to possess antimicrobial activity 
(Bedirli et al., 2003, Di Luzio et al., 1980, Nicoletti et al., 1992), we evaluated the 
microbiological effect of ┚-glucan as an adjunct to NPT. In this study, a reduction in the 
proportion of obligate anaerobic bacteria occurred in both groups. A decrease in the number 
of anaerobic bacteria is synonimous with a successful treatment of periodontal infections 
and reflects the antimicrobial effect following NPT, as expected (Greenstein, 1992; Noyan et 
al., 1997; Yilmaz et al., 2002). But as there are no significant differences between the two 
groups, we can assume that ┚-glucan has no additional antimicrobial effect when used 
systemically as an adjunct to NPT in patients with chronic periodontitis.  

Regarding the duration of systemic β-glucan usage, no data is available so far on its systemic 
usage in the periodontal diseases. Treatment duration with β-glucan varies from 39 days to 
90 days in animal and human studies according to the type and severity of the problem 
(Breivik et al.,2005; Kabasakal et al., 2011; Lin et al., 2011; Sarinho et al., 2009; Turunen et al., 
2011). Biagini et al. (1988) documented soft tissue healing after NPT and found precisely 
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oriented collagen bundle fibres by 30 days to 60 days. Furthermore, Magnusson et al. (1984) 
reported that repopulation of subgingival microbiota occurred between 30 to 60 days. 
Therefore, our patients in this study were put on β-glucan medication for 40 days according 
to the combination of the aforementioned data. 

5. Conclusion 

This is the first preliminary report investigating the effects of NPT plus ┚-glucan on clinical 
parameters, subgingival microflora and GCF TGF-β1 level in patients with chronic 
periodontitis. Within its limits, systemic β-glucan used as an adjunct to NPT did not provide 
additional clinical and microbiological effects.  However, β-glucan might increase the 
concentration of TGF-β1 thereby augmenting periodontal healing potential. As ┚-glucans 
are inexpensive and have a good margin of safety (Chan et al., 2009), their potential 
therapeutic value deserves further detailed investigations for clarifying the paucity of 
information in the literature in order to design a strategy for their possible use in clinical 
periodontal practice.  

6. Aknowledgements  

This study was supported by a grant from Marmara University Scientific Research Project 
Commission with the number SAĞ-BGS-081004-0100. 

7. References  

Armitage G.C. (1999). Development of a classification system for periodontal diseases and 
conditions. Ann Periodontol, Vol:4, pp.1-7, ISSN:1553-0841. 

Babineau T.J., Marcello P., Swails W., Kenler A., Bistrian B., & Forse R.A. (1994). 
Randomized phase I/II trial of a macrophage-specific immunomodulator (PGG-
glucan) in high-risk surgical patients. Ann Surg, Vol:220, pp.601-609, ISSN:0003-
4932. 

Bartova J., Kratka O.Z., Prochazkova J., Krejsa O., Duskova J., Mrklas L., Tlaskalova H.,& 
Cukrowska B. (2000). Th1 and Th2 cytokine profile in patients with early onset 
periodontitis and their healthy siblings. Mediators of Inflammation, Vol:9, pp.115-120, 
ISSN:0962-9351. 

Bedirli A., Gokahmetoglu S., Sakrak O., Ersoz N., Ayangil D., & Esin H. (2003). Prevention 
of intraperitoneal adhesion formation using beta-glucan after ileocolic anastomosis 
in a rat bacterial peritonitis model. Am J Surg, Vol:185, No:4, pp.339-343, ISSN:0002-
9610. 

Biagini G., Checchi L., Miccoli M.C., Vasi V., & Castaldini C. (1988). Root curettage and 
gingival repair in periodontics. J Periodontol, Vol:59, pp.124-129, ISSN: 0022-
3492.Bleicher P., & Mackin W. (1995). Betafectin PGG glucan: A novel carbohydrate 
immunomodulator with antiinfective properties. Annu Rev Pharmacol Toxicol, 
Vol:37, pp.143-166, ISSN:0362-1642. 

Breivik T., & Thrane P.S. (2001). Psychoneuroimmune interactions in periodontal disease. 
Chapter 63, In Psychneuroimmunology, Ader R., Felten L., & Cohen N. (eds)., 3rd 
edition, pp. 627-644. Academic Press, ISBN:0-12-088576-x, San Diego. 

www.intechopen.com



 
Pathogenesis and Treatment of Periodontitis 

 

178 

Breivik T., Opstad P.K., Engstad R., Gundersen G., Gjermo P., & Preus H. (2005). Soluble β-
1,3/1,6-glucan from yeast inhibits experimental periodontal disease in Wistar rats. J 
Clin Periodontol, Vol:32, pp.347-352, ISSN:0303-6979. 

Browder W., Williams D., Lucore P., Pretus H., Jones E., & McNamee R. (1988). Effect of 
enhanced macrophage function on early wound healing. Surgery, Vol:104, No:2, 
pp.224-230, ISSN:0039-6060. 

Browder W., Williams D., Pretus H., Olivero G., Enrichens F., Mao P., & Franchello A. (1990) 
Beneficial effect of enhanced macrophage function in the travma patient. Ann Surg, 
Vol:211, pp.605-611, ISSN:0003-4932. 

Brown G.D., & Gordon S. (2001). Immune recognition. A new receptor for beta-glucans. 
Nature, Vol:6, No:413, pp.36-37, ISSN:0028-0836. 

Buduneli N., Kütükçüler N., Aksu G. & Atilla G. (2001). Evaluation of transforming growth 
factor-┚1 level in crevicular fluid of cyclosporin A-treated patients. J Periodontol, 
Vol:72, pp. 526-531, ISSN:0022-3492. 

Chan G.C., Chan W.K., & Sze D.M. (2009). The effects of ┚-glucan on human immune and 
cancer cells. J Hematol Oncol, Vol:2, pp.25-36, ISSN:1756-8722. 

Chaple C.C., Srivastrava M., & Hunter N. (1998). Failure of macrophage activation in 
destructive periodontal disease. J Pathol, Vol:186, pp.281-286, ISSN: 1096-9896. 

Chen J.K., Hoshi H., & McKeehan W.L. (1987). Transforming growth factor type ┚ 
specifically stimulates synthesis of proteoglycan in human adult arterial smooth 
muscle cells. Proc Natl Acad Sci USA, Vol:84, pp.5287-5291, ISSN:1091-6490. 

Cimasoni G., & Giannopoulou C. (1988). Can crevicular fluid component analysis asist in 
diagnosis and monitoring periodontal breakdown? In: Periodontology Today, ed. 
Guggenheim, B., pp. 260-270. Karger, ISBN:978-3-8055-4843-4, Basel. 

Cobb C.M. (1996). Nonsurgical pocket therapy: Mechanical. Ann Periodontol, Vol:1, pp.443-
490, ISSN:1553-0841. 

Curtis M.A., Griffiths G.S., Price S.J., Culthurst S.K., & Johnson N.W. (1988). The total 
protein concentration of gingival crevicular fluid. Variation with sampling time anf 
gingival inflammation. J Clin Periodontol, Vol:15, pp.628-632, ISSN:0303-6979. 

Di Luzio N.R., Williams D.L., McNamee R.B., & Malshet V.G. (1980). Comparative 
evaluation of the tumor inhibitory and antibacterial activity of solubilized and 
particulate glucan. Recent Results Cancer Res, Vol:75, pp.165-172, ISSN:0080-0015. 

Di Luzio N.R., & Williams D.L. (1978). Protective effect of glucan against systemic 
Staphylococcus aureus septicemia in normal and leukemic mice. Infect Immun, 
Vol:20, pp.804-810, ISSN:0019-9567. 

Edwards D.R., Murphy G., Reynolds J.J., Whitham S.E., Docherty A.J., Angel P., & Heath 
J.K. (1987). Transforming growth factor beta modulates the expression of 
collagenase and metalloproteinase inhibitor. J Bone Miner Res, Vol:6, pp.1899-1904, 
ISSN:0884-0431. 

Emingil G., Çoker I., Atilla G., & Hüseyinov A. (2000). Levels of leukotriene B4 and platelet 
activating factor in gingival crevicular fluid in renal transplant patients receiving 
cyclosporine-A. J Periodontol, Vol:71, pp.50-57, ISSN:0022-3492. 

Engstad C.S., Engstad R.E., Olsen J.O., & Osterud B. (2002). The effect of soluble beta 1,3-
glucan and lipopolysaccharide on cytokine production and coagulation activation 

www.intechopen.com



 
Adjunctive Systemic Use of Beta-Glucan in the Nonsurgical Treatment of Chronic Periodontitis 

 

179 

in whole blood. International Immunopharmacology, Vol:2, pp.1585-1597, ISSN:1567-
5769. 

Engstad R.E. (1994). Yeast β-glucan as an immunostimulant in Atlantic salmon (Salmo salar 
L.): Biological effects, recognition and structural aspects. Tromsø: University of 
Tromsø. 

Greenstein G. (1992). Periodontal response to mechanical non surgical therapy: A review. J 
Periodontol, Vol:63, pp.118-130, ISSN:0022-3492. 

Griffiths G.S., Wilton J.M., & Curtis M.A. (1992). Contamination of human gingival 
crevicular fluid by plaque and saliva. Arch Oral Biol, Vol:37, pp.559-564, ISSN:0003-
9969. 

Gürkan A., Çınarcık S., & Hüseyinov A. (2005). Adjunctive subantimicrobial dose 
doxycycline: effect on clinical parameters and gingival crevicular fluid 
transforming growth factor-┚1 levels in severe, generalized chronic periodontitis. J 
Clin Periodontol, Vol:32, pp.244-253, ISSN:0303-6979. 

Hakkinen L., Westermarck J., Kahari V.M., & Larjava H. (1996). Human granulation-tissue 
fibroblasts show enhanced proteoglycan gene expression and altered response to 
TGF-┚1. J Dent Res, Vol:75, pp.1767-1778, ISSN:0022-0345. 

Igarasi A., Okochi H., Bradham D.M., & Grotendorst G.R. (1993). Regulation of connective 
tissue growth factor gene expression in human skin fibroblasts and during wound 
repair. Mol Biol Cell, Vol:4, pp.637-645, ISSN:0898-7750. 

Inoue A., Kodama N., & Nanba H. (2002). Effect of maitake (Grifola frondosa) D-fraction on 
the control of the T lymph node Th-1/Th-2 proportion. Biol Pharm Bull, Vol:25, 
pp.536-540, ISSN:0918-6158. 

Jung K., Ha Y., Ha S., Han D.U., Kim D., & Moon W.K. (2004). Antiviral effect of 
Saccharomyces cerevisae β-glucan to Swine Influenza virus by increased 
production of interferon-┛ and nitric oxide. J Vet Med B Infect Dis Vet Public Health, 
Vol:51, pp.72-76, ISSN:0931-1793. 

Kabasakal L, Sener G, Balkan J, Doğru-Abbasoğlu S, Keyer-Uysal M, & Uysal M. (2011).  
Melatonin and beta-glucan alone or in combination inhibit the growth of dunning 
prostatic adenocarcinoma. Oncol Res, Vol:19, pp.259-263, ISSN: 0965-0407. 

Kankkunen  P., Teirila L., Rintahakka J., Alenius A., Wolff H., & Matikainen S. (2010). (1,3)-
β-glucans activate both dectin-1 and NLRP3 inflammasome in human 
macrophages. J Immunol, Vol:184, pp.6335-6342, ISSN:0022-1767. 

Kenyon A.J. (1983). Delayed wound healing in mice associated with viral alteration of 
macrophages. Am J Vet Res, Vol:44, No:4, pp.652-656, ISSN:0002-9645. 

Kernodle D.S., Gates H., & Kaiser A.B. (1998). Prophylactic anti-infective activity of poly-(1-
6)-┚-D-glucopyranosyl-(1-3)-┚-D-glucopyranose glucan in a guinea pig model of 
staphylococcal wound infection. Antimicrob Agents Chemother, Vol:42, No:3, pp.545-
549, ISSN:0066-4804. 

Kuru B., Yilmaz S., Noyan Ü., Acar O, & Kadir T. (1999). Microbiological features and 
crevicular fluid aspartate aminotransferase enzyme activity in early onset 
periodontitis patients. J Clin Periodontol, Vol:26, pp.19-25, ISSN:1600-051x. 

www.intechopen.com



 
Pathogenesis and Treatment of Periodontitis 

 

180 

Kuru L., Griffiths G.S., Petrie A., & Olsen I. (2004a). Changes in transforming growth factor-
beta1 in gingival crevicular fluid following periodontal surgery. J Clin Periodontol, 
Vol:31, No:7, pp.527-533, ISSN:0303-6979. 

Kuru L., Yılmaz S., Kuru B., Köse K.N., & Noyan U. (2004b). Expression of growth factors in 
the gingival crevice fluid of patients with phenytoin-induced gingival enlargement. 
Arch Oral Biol, Vol:49, pp.945-950, ISSN:0003-9969. 

Lamster I.B., Hartley L.J., & Oshrain R.L. (1985). Evaluation and modification of 
spectrophotometric procedures for analysis of lactat dehydrogenase, beta-
glucoronidase and arylsulphatase in human gingival crevicular fluid collected with 
fitler-paper strips. Arch Oral Biol, Vol:30, pp.235-242, ISSN:0003-9969. 

Leblanc B.W., Albina J.E., Reichner J.S. (2006). The effect of PGG-(beta)-glucan on neutrophil 
chemotaxis in vivo. J Leukoc Biol, Vol:79, pp.667-675, ISSN:0741-5400. 

Lee D.Y., Ji I.H., Chang H.I., & Kim C.W. (2002). High-level TNF-alpha secretion and 
macrophage activity with soluble beta-glucans from Saccharomyces cerevisiae. 
Biosci Biotechnol Biochem, Vol:66, pp.233-238, ISSN:0916-8451. 

Lin S, Pan Y, Luo L, & Luo L. (2011).  Effects of dietary β-1,3-glucan, chitosan or raffinose on 
the growth, innate immunity and resistance of koi (Cyprinus carpio koi). Fish 

Shellfish Immunol, doi:10.1016/j.fsi.2011.07.013, ISSN 1050-4648. 
Löe H., & Sillness J. (1963). Periodontal disease in pregnancy (I). Prevalence and severity. 

Acta Odontologica Scandinavica, Vol:21, pp.533-551, ISSN:0001-6357. 
Magnusson I., Checchi L., Miccoli M.C., Vasi V., & Castaldini C. (1988). Root curettage and 

gingival repair in periodontics. J Periodontol, Vol:59, pp.124-129, ISSN:0022-3492. 
Matsuda N., Lin W.L., Kumar N.M., Cho M.I., & Genco R.J. (1992). Mitogenic, chemotactic 

and synthetic responses of rat periodontal ligament cells to polypeptide growth 
factors in vitro. J Periodontol, Vol:63, pp.515-525, ISSN:0022-3492. 

Nicoletti A., Nicolette G., Ferraro G., Palmieri G., Mattaboni P., & Germogli R. (1992). 
Preliminary evaluation of immunoadjuvant activity of an orally administered 
glucan extracted from Candida albicans. Arzneimittelforschung, Vol:42, pp.1246-
1250, ISSN:0004-4172. 

Noyan Ü., Yilmaz S., Kuru B., Kadit T., Acar O., & Büget E. (1997). A clinical and 
microbiological evaluation of systemic and local metronidazole delivery in adult 
periodontitis patients. J Clin Periodontol, Vol:24, pp.158-165, ISSN:1600-051x. 

Page R. (1991). The role of inflammatory mediators in the pathogenesis of periodontal 
disease. J Periodontal Res, Vol:26, pp.230-242, ISSN:0022-3484. 

Sarinho E., Medeiros D., Schor D., Silva A.R., Sales V., Motta M.E., Costa A., Azoubel A., & 
Rizzo J.A. (2009). Production of interleukin-10 in asthmatic children after beta-1-3-
glucan. Allergol Immunopathol (Madr.), Vol:37, pp.188-192, ISSN:0301-0546. 

Sherwood E.R., Williams D.L., Mcnamee R.B., Jones E.L., Browder I.W., & DiLuzio N.R. 
(1987). In vitro tumoricidal activity of resting and glucan-activated Kupffer cells. J 
Leukocyte Biol, Vol:42, pp.69-75, ISSN:0741-5400. 

Sillness J., & Löe H. (1964). Periodontal disease in pregnancy II. Correlation between oral 
hygiene and periodontal condition. Acta Odontologica Scandinavica, Vol:22, pp.121-
135, ISSN:0001-6357. 

www.intechopen.com



 
Adjunctive Systemic Use of Beta-Glucan in the Nonsurgical Treatment of Chronic Periodontitis 

 

181 

Sodek J., & Overall C.M. (1992). Matrix metalloproteinases in periodontal tissue remodeling. 
Matrix Suppl., Vol:1, pp.352-362, ISSN:0940-1199. 

Sporn M.B., & Roberts A.B. (1993). A major advantage in the use of growth factors to 
enhance wound healing. J Clin Invest, Vol:92, pp.2565-2566, ISSN:0021-9738. 

Stashenko  P., Wang C.Y., Riley E., Wu Y., Ostroff G., & Niederman R. (1995). Reduction of 
infection-stimulated periapical bone resorption by the biological response modifier 
PGG Glucan. J Dent Res, Vol:74, No:1, pp.323-330, ISSN:0022-0345.  

Steinsvoll S., Halstensen T.S., & Schenck K. (1999). Extensive expression of TGF-┚1 in 
chronically-inflamed periodontal tissue. J Clin Periodontol, Vol:26, pp.366-373, 
ISSN:0303-6979. 

Suzuki Y., Adachi Y., Naohito O., & Yadomae T. (2001). Th1/Th2-balancing 
immunomodulating activity of gel-forming (1-3)-┚-glucans from fungi. Biol Pharm 

Bull, Vol:24, pp.811-819, ISSN:0918-6158. 
Tanner A.C.R., Haffer C., Brathall G.T., Visconti R.A., & Socransky S.S. (1979). A study of 

bacteria associated with advancing periodontitis in man. J Clin Periodontol, Vol:6, 
pp.278-307, ISSN:0303-6979. 

Turunen K, Tsouvelakidou E, Nomikos T, Mountzouris KC, Karamanolis D, Triantafillidis J, 
Kyriacou A. (2011). Impact of beta-glucan on the faecal microbiota of 
polypectomized patients: A pilot study. Anaerobe, doi:  

 10.1016/j.anaerobe.2011.03.025. 
Tzianabos A.O. (2000). Polysaccharide immunomodulators as therapeutic agents: Structural 

aspects and biologic function. Clin Microbiol Rev, Vol:13, pp.523-533, ISSN:0938-
8512. 

Wahl S.M., Costa G.L., Mizel D.E., Allen J.B., Skaleric U., & Mangan D.F. (1993). Role of 
transforming growth factor beta in pathophysiology of chronic inflammation. J 

Periodontol, Vol:64, pp.450-455, ISSN:0022-3492. 
Wassenaar A., Reinhardus C., Abraham I.L., Snijders A., & Kievits F. (1998). Characteristics 

of Prevotella intermedia-specific CD4+ T cell clones from peripheral blood of a 
chronic adult periodontitis patient. Clin Exp Immunol, Vol:113, pp.105-110, 
ISSN:0009-9104. 

Williams D.L., Cook J.A., Hoffmann E.O., & Di Luzio N.R. (1978). Protective effect of glucan 
in experimentally induced candidiasis. J Reticuloendothel Soc, Vol:23, pp.479-490, 
ISSN:0033-6890. 

Williams D.L., DiLuzio N.R. (1980). Glucan-induced modification of murine viral hepatitis. 
Science, Vol:208, pp.67-69, ISSN:0036-8075. 

Wolff L.F., Liljemark W.F., Bloomquist C.G., Philström B.L., Schaffer E.M., & Bandt C.L. 
(1985). The distribution of Actinobacillus actinomyecetemcomitans in human 
plaque. J Periodontal Res, Vol:20, pp.237-250, ISSN:0022-3484. 

Wright H.J., Chapple I.L.C., & Matthews J.B. (2003). Levels of TGF-┚1 in gingival crevicular 
fluid during a 21-day experimental model of gingivitis. Oral Dis, Vol:9, pp.88-94, 
ISSN:1354-523x. 

Yilmaz S., Kuru B., Kuru L., Noyan Ü., Argun D., & Kadir T. (2002). Effect of galium 
arsenide diode laser on human periodontal disease: a microbiological and clinical 
study. Lasers Surg Med, Vol:30, pp.60-66, ISSN:1096-9101. 

www.intechopen.com



 
Pathogenesis and Treatment of Periodontitis 

 

182 

Yun C.H., Estrada A., Van Kessel A., Park B.C., & Laarveld B. (2003). Beta-glucan, extracted 
from oat, enhances disease resistance against bacterial and parasitic infections. 
FEMS Immunol Med Microbiol, Vol:21, No:1, pp.67-75, ISSN:0928-8244. 

www.intechopen.com



Pathogenesis and Treatment of Periodontitis

Edited by Prof. Nurcan Buduneli

ISBN 978-953-307-924-0

Hard cover, 200 pages

Publisher InTech

Published online 20, January, 2012

Published in print edition January, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Pathogenesis and Treatment of Periodontitis includes comprehensive reviews on etiopathogenic factors of

periodontal tissue destruction related to microbial dental plaque and also host response components.

Adjunctive treatment modalities are also addressed in the book. Topics covered range from microbial

pathogenic factors of P. gingivalis to the relationship between metabolic syndrome and periodontal disease,

and from management of open gingival embrasures to laser application in periodontal treatment.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Neslihan Nal Acar, Ülkü Noyan, Leyla Kuru, Tanju Kadir and Bahar Kuru (2012). Adjunctive Systemic Use of

Beta-Glucan in the Nonsurgical Treatment of Chronic Periodontitis, Pathogenesis and Treatment of

Periodontitis, Prof. Nurcan Buduneli (Ed.), ISBN: 978-953-307-924-0, InTech, Available from:

http://www.intechopen.com/books/pathogenesis-and-treatment-of-periodontitis/adjunctive-systemic-use-of-

glucan-in-the-nonsurgical-treatment-of-chronic-periodontitis



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


