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ABSTRACT 
Diabetes mellitus is one important risk factor for periodontal diseases. High 

glucose levels may alter the subgingival microfloras. The aims of the study were to 
evaluate both prevalence and percentage of Porphyromonas gingivalis, Tannerella 
forsythensis, Prevotella intermedia and TM7 species among healthy, chronic 
periodontitis subjects type2 DM with and without chronic periodontitis, and to 
determine whether there was an association among such bacteria and clinical 
parameters of both periodontal and diabetic status. 

   
Fasting blood sugar, BOP, PD, CAL, PI and MGI were recorded from 121 

volunteers. Additionally, HbA1c in all DM subjects were examined. Totally 417 
subgingival plaque samples from PD 1-3 mm, 4-6 mm and more than 6 mm, were 
collected, boiled for 10 min and processed to closed tube semi-Q PCR for 
enumerating the four target species.  

 
Results indicated that BOP, PD, CAL and MGI influenced both prevalence 

and numbers of such microorganisms. Deep periodontal pockets significantly 
harbored more numbers of each bacterium than shallow ones (p<0.01), whereas 
diabetic parameters had no effect (p>0.05). Among the investigated microfloras, co-
existence was found and P. gingivalis seems to be the most notorious species in the 
chronic periodontitis subjects. Additionally, TM7 counts were significantly lower in 
the chronic periodontitis than in the DM with periodontitis subjects, especially at the 
pocketing depth 4-6mm (p<0.04).  

 
In conclusion, data in this study imply that investigated diabetic parameters 

may not be associated with either prevalence or percentage of the four target bacteria, 
whilst PD, BOP, CAL and MGI played roles in both of each microorganism. Factors 
from the presence of both chronic periodontitis and DM, which favor the survival of 
TM7 species, may require further investigation.   

 
KEY WORDS: SEMI-QUANTITATIVE PCR/ CLOSED TUBE PCR/  
                 PERIODONTAL PATHOGENS/ DIABETES MELLITUS. 
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บทคัดยอ 

 
โรคเบาหวานเปนหนึ่งในปจจัยเส่ียงของโรคปริทันตอักเสบระดับน้ําตาลที่สูงขึ้นอาจสงผลตอเช้ือจุลินทรีย

ใตเหงือก การศึกษานี้มีจุดประสงคคือ เพ่ือเปรียบเทียบความชุกและรอยละของเช้ือกอโรคปริทันตอักเสบส่ีชนิด 

ไดแก P. gingivalis, T. forsythensis, P. intermedia และ TM7 ในกลุมคนปกติกลุมผูปวยโรคปริทันตอักเสบ กลุม

โรคเบาหวานชนิดที่ 2 ทั้งที่เปนและไมเปนโรคปริทันตอักเสบ และหาความสัมพันธระหวางปจจัยดานเช้ือกอโรค

กับลักษณะทางคลินิกของทั้งสองโรค 
ทําการบันทึกระดับน้ําตาลในเลือด ดัชนีการมีเลือดออก ความลึกรองเหงือก คาระดับการยึดเกาะ ดัชนี  

คราบจุลินทรีย และดัชนีเหงือกอักเสบประยุกต จากอาสาสมัครทั้งหมด 121 คน นอกจากนีท้าํการตรวจระดบั 

HbA1cในผูปวยเบาหวานทุกคน ทําการเก็บตัวอยางคราบจุลินทรียใตเหงือกทั้งหมด 417 ตําแหนง โดยเก็บที่ความ

ลึก1-3 mm 4-6 mm และ มากกวา 6 mm นําตัวอยางทั้งหมดตมในน้ําเดือด 10 นาที หลังจากนั้นนําตัวอยางทั้งหมด

ไปผานกระบวนการลูกโซโปลิเมอเรสชนิดก่ึงควอนทิเททีฟแบบปด 

ดัชนีการมีเลือดออก ความลึกรองเหงือก คาระดับการยึดเกาะและดัชนีเหงือกอักเสบประยุกตมีผลตอ

ความชุกและจํานวนของเช้ือทั้งส่ี รองเหงือกลึกจะมีปริมาณเช้ือมากกวารองเหงือกตื้นอยางมีนัยสําคัญ  (p<0.01) 

ในขณะที่ปจจัยดานเบาหวานไมมีผลตอเช้ือกอโรค (p>0.05) เช้ือ P. gingivalis เปนเช้ือที่พบมากที่สุดในผูปวย

โรคปริทันตอักเสบ นอกจากนี้จํานวนของ TM7 ในกลุมผูปวยโรคปริทันตอักเสบต่ํากวากลุมโรคเบาหวานรวมกับ

โรคปริทันตอักเสบ โดยเฉพาะที่ความลึก 4-6 mm (p<0.04) 

ผลสรุปวาปจจัยดานเบาหวานไมสัมพันธตอความชุก และรอยละของเช้ือกอโรคทั้งส่ี ในขณะที่ดัชนีการ

มีเลือดออก ความลึกรองเหงือก คาระดับการยึดเกาะและดัชนีเหงือกอักเสบประยุกตสัมพันธกับคาความชุก และ

รอยละของเช้ือกอโรค ปจจัยบางประการในทั้งสองโรคอาจจําเปนตอการดํารงชีวิตของ TM7 ซ่ึงตองมีการศึกษาตอไป  
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CHAPTER I 

INTRODUCTION 

 

 
1.1 Background and rationale 

        Diabetes mellitus (DM) is a group of metabolic diseases characterized by 

hyperglycemia. Patients with chronic hyperglycemia have an increased incidence of 

atherosclerosis, cerebrovascular disease and periodontal disease [1]. It is estimated 

that the prevalence of DM in world population in 2010 will be 220 million, which 

composed of type 1 about 5 million and type 2 about 215 million [2]. In Thailand, the 

estimated prevalence was 9.6% (about 2.4 million), which composed of type 1 about 

0.2% and the rest was type 2 DM [3]. 

        Periodontitis is an inflammatory disease of the supporting tissues of teeth. The 

primary etiologic factor is bacterial biofilm in the plaque, host resistance and 

environmental factor. These result in progressive destruction of periodontal ligament, 

alveolar bone. Periodontitis is initiated by specific bacteria, predominantly gram-

negative anaerobes in subgingival plaque [4-6]. These periodontal pathogens include 

Aggregatibacter actinomycetemcomitans, Tannerella forsythensis, Porphyromonas 

gingivalis, Prevotella intermedia and uncultivable species [7, 8]. 

        Torf mittlere schicht or TM7 is an uncultivable microflora, which may associate 

with periodontitis. By several molecular techniques, TM7 species in subgingival 

plaque from normal sites and different stages of periodontitis sites was detected 

approximately 96% of samples and 0.3% of total crevicular bacteria. Higher numbers 

of TM7 were in the mild periodontitis lesions than either healthy or severe 

periodontitis sites. In addition, the prevalence was more in asians than caucacians [9]. 

        Many studies identified periodontal pathogens in plaque samples by several 

techniques [10-13]. Polymerase chain reaction (PCR) is an in vitro technique for 

amplification of specific DNA with superb specificity and sensitivity. Since there are 

several advantages over other available techniques [14-16], it is developed to be a 

quantitative tool. 
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        Several quantitative PCR assays have been established including semi 

quantitative PCR without co-amplification of the target and reference DNA templates. 

This technique requires such amplification within the exponential phase since PCR 

outputs are increased in theory and can be employed to estimate initial DNA inputs. 

In addition, nucleic acids are colorless and require labeling. The sensitivity of the 

labeling dye may influence the power of detection. Too low amount of PCR output 

before the exponential phase may result in the false negative signal as well as 

exhaustion of PCR components or inhibition by the saturated PCR products after the 

exponential phase may render the false positive signal. To enumerate accurate signal, 

detection of PCR output should be performed during the exponential phase and so 

various amounts of the amplicons can be differentiated. 

        Several methods are established to detect PCR outputs including gel 

electrophoresis. Agarose gel electrophoresis is simple and inexpensive. However, loss 

of the ampicon or contamination with external DNA source is possible. This impairs 

the true output signal in enumeration of amplicons. Recently, closed system PCR has 

been developed including the real time PCR.  

        The closed tube semi-quantitative PCR is the closed system PCR. This method  

bases on the enhancement of the fluorescence emission when the fluorescein is bound 

to its target. Ethidium bromide (EtBr) has been used as a fluorescent dye. EtBr binds 

to the single-stranded DNA primers and to the double stranded DNA. EtBr 

intercalates between the stacked bases of double-helixed DNA and emits a fluorescent 

signal proportional to the amount of the bound DNA. Doungudomdacha [17] 

compared the closed tube PCR, competitive PCR and colourimetric quantitative PCR 

for estimating the P. gingivalis, P. intermedia and A. actinomycetemcomitans inputs. 

They reported no significant difference between three methods and the number of cells 

computed from the PCR was not significantly different from the actual cell inputs. 

        Several studies found the relationship between DM and periodontal disease. 

Some found that the diabetes had poorer periodontal status, including deeper probing 

depth, more clinical attachment loss, more alveolar bone loss than the non-diabetes 

[18-21]. Whereas among the diabetic individuals, the well-controlled patients 

exhibited less severe periodontal disease than the poor-controlled [22-24]. In addition, 
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periodontal treatment could improve metabolic condition. However, this relationship 

require further investigation [25, 26]. 

        Several studies evaluate the amount of periodontal pathogens in the diabetes by 

several techniques [27-30]. They found that there were the significantly higher 

percentages of P. gingivalis,  P. intermedia and A. actinomycetemcomitans in the 

diabetes’pockets than the non-diabetes’pockets [27-29, 31-34]. Others show that type 

and percentages of subgingival microflora in the diabetes’ pockets were similar to the 

non-diabetic ones [30, 35-37]. In addition, the profiles of subgingival microflora may 

be influenced by race and geographic locations [38, 39].  

        So far, there have been only a few studies about profile of periodontal 

micororganisms in Thai population. Accordingly, this study intends to determine the 

prevalence and the percentage of four periodontal bacteria among Thai population, 

which may lead to more informations about the relationship between periodontal 

disease and diabetes mellitus. Furthermore, adequate assessment of periodontal 

condition in the diabetic individuals may provide appropriate prevention and 

treatment in the future. 

 

1.2 Aims of the study  

        1. To determine the prevalence and percentage of P. gingivalis, P. intermedia,  

T. forsythensis and TM7 found in subgingival plaque by closed tube semi Q-PCR in 

the non-DM with healthy periodontium, the non-DM with periodontitis, type 2 DM 

with healthy periodontium and type 2 DM with peridontitis subjects. 

        2. To evaluate the association between the prevalence and percentage of four 

periodontal pathogens and metabolic parameters among non-diabetes and type 2 

diabetic subjects. 

        3. To evaluate the association between the prevalence and percentage of four 

periodontal pathogens and periodontal parameters. 

                   .  
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CHAPTER II 

LITERATURE REVIEW 

 

 
2.1 Diabetes mellitus  

        Diabetes mellitus (DM) is a group of metabolic diseases characterized by 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both. 

Deficiency in insulin action leads to impaired lipid and protein metabolism [1]. 

        Insulin is a hormone, which is produced by pancreatic cells in the islets of 

Langerhans. The active form of the hormone is composed of two polypeptide chains; 

alpha chain (A-chain or α-chain) and beta chain (B-chain or ß-chain). The actions of 

insulin are providing for glucose storage, preventing fat breakdown and increasing 

protein synthesis [38]. 

        In general, symptoms of DM patients are polyuria, polydipsia and polyphagia. 

Prolonged hyperglycemia may cause damages of vascular system supplied to several 

organs, especially eyes, nerve, kidneys, heart, blood vessels. These lead to an increase 

in incidence of DM complications, including retinopathy, nephropathy, 

cerebrovascular disease and artherosclerosis. At present, fasting blood sugar (FBS) is 

accepted for DM screening.The American Diabetes Association has established the 

criteria for diagnosis of diabetes mellitus as illustrated in Figure 1. 
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Figure 1 Criteria for the diagnosis of diabetes mellitus [1]  

   

1. Symptoms of diabetes plus casual plasma glucose concentration ≥ 200 

mg/dl (11.1 mmol/l). Casual is defined as any time of day without regard 

to time since last meal.The classic symptom of diabtes include polyuria, 

polydipsia, and unexplained weight loss. 

 

                                                       or 

 

2. FPG ≥ 126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for 

at least 8 h. 

 

                                                       or 

 

3. 2-h plasma glucose ≥ 200 mg/dl (11.1 mmol/l) during an OGTT. This 

test should be performed as described by WHO, using a glucose load 

containing the equivalent of 75 g anhydrous glucose dissolved in water. 
 

        

 

        DM is classified into two major types; type 1 and type 2 DM. Type 1 DM results 

from an immune mediated destruction and apoptosis of ß- cell of the pancrease, 

usually leading to absolute insulin deficiency. It commonly occurs in childhood or 

adolescence. Type 2 DM results from insulin resistance, which can occur in several 

types of tissue such as skeleton muscle, hepatic tissue, adipose cells. Such affected 

cells fail to uptake and utilize glucose in glucose metabolism. The predisposing 

factors of type 2 DM are the age (older than 45 years), obesity (BMI more than 25 

kg/m2), lack of exercise, hypertension and hyperlipidemia [39].               

        Approximately 90% of diabetic patients are type 2 DM. Prevalence of DM in the 

world population in 1997 was 2.1% (about 124 million), which composed of type 1 

DM about 3.5 millions and type 2 DM about 120 millions. In addition, estimated 

number of DM in world population in 2010 will be 220 millions, which may compose 
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of type 1 DM about 5 millions and type 2 DM about 215 millions [2]. In Thailand, 

such prevalence was 9.6% (about 2.4 millions), which composed of type 1 DM about 

0.2% and the rest was type 2 DM [3]. 

        Level of glycemic control is monitored by blood glucose concentration. 

However, fasting blood sugar (FBS) level provides the concentration of blood glucose 

at the blood-withdrawing time but this value can not represent the long-termed 

glycemic control. Currently, the glycated haemoglobin A1c (HbA1c) is empolyed to 

assess such control. This assay is acceptable to reflect blood glucose concentration 

over the preceding 2-3 months period [40]. The laboratory interpretation of  HbA1c is 

relied on American Diabetes Association Guidelines [41] as shown in Figure 2. 

 

Figure 2 Laboratory evaluation of diabetes control (American Diabetes Association 

Guidelines) 

HbA1c 

             4 % to 6%                   Normal 

              < 7 %                         Good diabetes control 

             7% to 8%                    Moderate diabetes control 

               > 8%                         Action suggested to improve diabetes control. 

                                                                   
   Source: Carranza’s clinical periodontology: page 534 

         

2.2 Periodontal bacteria 

        Periodontitis is an inflammatory disease of the tooth supporting tissues. The 

primary etiologic factor is bacterial biofilm in the plaque, which modified by host 

resistance and environmental factors. These result in progressive destruction of 

periodontal ligament, alveolar bone. Moreover, periodontitis is a multifactorial disease.  

        The process of plaque formation can be divided in to three phases: formation of 

dental pellicles, initial colonization by bacteria, secondary colonization together with 

plaque maturation. First, all surfaces of oral cavity, including teeth and tissue 

surfaces, are coated with a glycoprotein pellicle, which provides nutrition for bacterial 

attachment, lubrication and prevention of tissue desiccation. Within a few hours, 
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bacteria colonize in the dental pellicle. The initial pioneers are predominantly gram-

positive bacteria such as Actinomyces viscosus and Streptococus sanguis. The 24- and 

48- hour plaque is established with an increased number of rods and some filamentous 

bacteria with the different species. In the latter stages of plaque formation, 

coaggregation between gram-negative species is likely predominated. For instance, 

Fusobacterium species coaggregates with other oral bacteria, such as P. gingivalis 

[42], T. forsythensis [43]. 

        The longer the plaque is established, the more complex of biofilm is developed. 

Not only conditional changes from aerobic to anaerobic, but also transitional changes 

from gram-positive to gram-negative bacteria take place on developing plaque. 

Corncorb structures is commonly observed in dental plaque between rod shaped 

bacteria cells, such F. nucleatum at the inner core of their structures and then coccal 

bacteria, including Streptococci or P. gingivalis attach along the layer of the rod cells 

[44]. Finally, mature plaque is predominately composed of anaerobic gram-negative 

bacteria which are asaccharolytic and use amino acid and small peptide from 

crevicular fluid as energy source [4]. 

        In the 1870s, Robert Koch developed the judgement criteria for causative 

organisms. These criteria were known as Koch’s postulates and were stipulated that 

the causative agent must: 

1. Be routinely isolated from diseased individuals. 

2. Be grown in pure culture in the laboratory. 

3. Produce a similar disease when inoculated into susceptible animals. 

4. Be recovered from lesions in diseased animals. 

These criteria were modified by Socransky [45]. According to these criteria, a 

potential pathogen must: 

1. Be associated with disease, as evident by increase in number at diseased 

sites. 

2. Be eliminated or decreased in sites that demonstrate clinical resolution after 

treatment. 

3. Demonstrate the host response, in the form of an alteration in the host 

cellular or humoral immune response. 

4. Be capable of causing disease in experimental animal models. 
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5. Demonstrate virulence factors responsible for tissue destruction. 

        In the 1998, Socransky et al [12] examined over 13,000 subgingival plaque 

samples from 185 adults subjects by using checkerboard DNA-DNA hybridization 

and cluster analysis. Six closely associated groups of bacterial species were 

recognized. These include a yellow complex consisting of members of the genus 

Streptococus and Actinomyces, a green complex consisting of Capnocytophaga 

species, A. actinomycetemcomitans serotype A and E. corodens, a purple complex 

consisting of V. parvula and A. odontolyticus. These groups of species are early 

colonizers whose growth usually precedes the predominantly gram-negative orange 

and red complexes. The orange complex includes F. nucleatum, P. intermedia, P. 

ingrescens while the red complex consists of T. forsythensis, P. gingivalis and T. 

denticola. The later two complexes are comprised of the species, which are beleived 

to be the major etiologic microorganisms of periodontal disease.  

        2.2.1 Porphyromonas gingivalis  

        P. gingivalis is a gram-negative, anaerobic, non-motile, asaccharolytic rod that 

usually exhibits coccal to short rod morphology. This organism forms brown to black 

colonies on blood agar plates. The World Workshop in Periodontology 1996 

designated this bacterium, T. forsythensis and A. actinomycetemcomitans as 

periodontal pathogens. P. gingivalis is shown to be not only increased in number and 

more frequently detected in deteriorating periodontal sites [46-48] but also reduced in 

the successfully treated sites [49, 50]. 

       In addition, P. gingivalis induces immune responses in the various form of 

periodontitis [51, 52]. An increasing antibody titer to P. gingivalis was detected in 

crevicular fluid or gingival tissue in periodontitis subjects [53, 54]. P. gingivalis are 

also strongly related to destructive periodontal disease in ligature-induced animal 

since the number increases at the diseased sites concomitant with the detection of 

disease [55-57]. P. gingivalis is able to attach and invade human epithelial cells [58]. 

The several virulent factors have been studied. An important virulent factor is fimbria, 

especially type A fimbria.The other virulent factors include gingipains and 

lipopolysaccharide [59, 60]. 
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        2.2.2 Tannerella forsythensis 

         T. forsythensis was first described in 1979 as a fusiform Bacteroides. This 

organism is a gram-negative anaerobic, spindle-shaped form, highly pleomorphic 

rods. This species is difficulty to grow on agar plate. This organism was found in 

higher number in destructive sites than healthy sites [61]. Furthermore, subjects 

harboring T. forsythensis were greater risk for alveolar bone loss, attachment loss and 

tooth loss compared with negative subjects [62, 63]. This species can produce trypsin-

like protease and can induce apoptotic cell death [64]. 

        T. forsythensis decreases in frequency and number under successful periodontal 

therapy [49, 50]. Taubman et al [65] found that serum antibody to T. forsythensis had 

been elevated in a number of refractory periodontitis subjects. Moreover, ligature-

induced periodontitis dogs showed a significant increase in frequency of T. forsythensis [66]. 

        2.2.3 Prevotella intermedia 

        P. intermedia is a black-pigmented, gram-negative, short, round-ended anaerobic 

rod. Tanner et al [67] found this species elevated in number in progressing sites in 

periodontitis subjects, whilst Herrera [68] found this species in periodontal abcess. 

Isolates of this species can induce alveolar bone loss in rat [69]. Berglundh et al [70] 

demonstrated that improvement clinical parameters after the use of mechanical 

therapy and systemically administered amoxicillin and metronidazole were associated 

with decrease periodontal pathogens including P. intermedia. Haffajee et al [71] 

indicated this organism may induce host response since there were elevated serum 

antibodies to this species in some but not all subjects with refractory periodontitis.  

        2.2.4 Torf mittlere schicht or TM7 

        It is estimated that only about 50% of the approximately 700 species present in 

the oral cavity are cultivable so periodontitis may associated with uncultivable species 

[7, 8], especially TM7 phylotype [7-9, 72]. 

        TM7 is a 16s rRNA gene sequenced bacteria. The name derives from the German 

peat bog, whose the first sequence is obtained. Torf mittlere schicht means peat 

middle layer [73]. The members of this division are present in extremely diverse 

environments, including soil, seawater and the human oral cavity [74, 75]. 
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       The study of Brinig et al [9] about the prevalence of TM7 in the subgingival 

plaque from the normal sites and the different stages of periodontitis sites indicated 

that TM7 DNA was detected approximately 0.3% of total crevicular bacteria and the 

highest percentage of TM7 was in the 3-4 mm pocket depth. They explained that this 

might be due to the growth of TM7 bacteria that had already inhabited at these sites or 

other microfloras were replaced by TM7, which was better adapted to the mild 

periodontitis environment. 

        Several potential explanations for the association of TM7 with early stages of 

periodontal disease have been reported. Firstly, members of this division prefer an 

environmental factor, which is optimal only in the early stage of disease. Secondly, 

the further progression of disease induces conditions, in which other microfloras 

compete more favorably with TM7. Despite a doubtful role of TM7 in the 

development of periodontal disease, an increase in relative number of this division at 

sites with mild periodontitis implies its association with the changing environments in 

the subgingival crevice as periodontal disease progresses. 

         

2.3  Effects of periodontal pathogens on the periodontium. 

         Periodontal disease is initiated and sustained by the products of the subgingival 

biofilm. Some of these substances directly injure host cells and tissues. These 

periodontal pathogens generate proteases, collagenases, fibrinolysin. These directly 

destroy the ground substances of periodontal tissue as well as neutrophils and 

monocytes. Other microbial constituents may activate inflammatory, cellular and 

humoral immune responses, which are the secondary cause of damage of the periodontium. 

        Lipopolysaccharide (LPS) is the cell-wall component of gram-negative bacilli. 

With increased bacterial challenge, bacteria products interact with the gingival 

epithelium to induce the expression of adhesion molecules and production of pro-

inflammatory cytokines. Blood vessels underlining the affected epithelium show 

increased permeability. The gradient of chemoattractant signals guide leukocytes into 

the gingival tissue. Polymorphonuclear leukocytes contribute the tissue damage 

during the phagocytosis since these cells are able to release the extracellular enzymes 

that can degrade the surrounding host tissues. 
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        With prolonged presence of bacteria, the formation of an inflammatory infiltrate 

in the connective tissue consisting predominantly of lymphocytes and macrophages 

occurs. LPS triggered the T and B lymphocytes syntheses and secretes the mediators 

of the inflammation including interleukin 1 (IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, 

interferon gamma (IFN-γ), tumor necrosis factor alpha (TNF-α), matrix metalloproteinase 

enzymes (MMPs) and prostaglandins (PGs). These mediators are acting alone or in 

concert, to stimulate inflammatory responses and catabolic processes such as bone 

resorption and collagen destruction. LPS stimulates the junctional epithelia to produce 

IL-8 and IL-1ß. The more leukocyte chemotaxis and increased production of MMPs 

lead to degradation of periodontal ligaments. The downgrowth of junctional epithelium 

and the degradation of periodontal ligament are the cause of periodontal pocket formation.  

 

2.4 Microbial identification techniques 

        A rapid and reliable microbial identification is essential for diagnosis and disease 

management. Current techniques for microbial identification include direct 

microscopy, cultivation, Immunoflurorescent assay, nucleic acid probe assay, 

enzymatic method and PCR.  

        Direct microscopy can determine the size, shape, motility of subgingival plaque 

bacteria. This technique is also applied as the roughly quantitative purpose. Lisgarten 

and Levin [10] reported many more spirochetes, gram-negative, and motile flagellated 

species in periodontally diseased than those in healthy sites by light microscope 

technique. The disability to determine the species of organisms is the major 

disadventage of this technique. However, the microscopic analysis of bacterial 

morphotypes in subgingival plaque samples might serve as a useful model of 

microbiologic monitoring for diagnostic and treatment purposes. 

        Cultivation is still acceptable as the gold standard. Culturing method is a 

prerequisite for determining the antimicrobial susceptibility in vitro. The disadvantage 

of this method is that some of the putative pathogens, such as Treponema spp. and T. 

forsythensis are very fastidious and difficult to culture so the sensitivity of culturing 

can be rather low (104-105 cells for non-selective media and 103 cells in selective media).  
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        Immunoflurorescent assay bases on the antigen-antibody reaction. This including 

direct and indirect immunosorbant assays. Zambon et al [11] compared the sensitivity 

between direct immunofluorescence technique and cultivation for detecting P. 

gingivalis. In their study, the higher sensitivity for immunofluorescence technique is 

about 103 cells. However, the disadvantage is cross reaction with other organisms [11]. 

        Nucleic acid probe can specifically identifying microorganisms in clinical 

samples by using either whole genomic probes or oligonucleotide probes, which match 

with the target DNA sequences of target bacteria. Similarly, cross reaction is reported [76]. 

        Enzyme linked immunosorbent assay (ELISA) is easy and rapid but its problem 

is low sensitivity and specificity [77]. 

 

2.5 Polymerase chain reaction (PCR)  

        PCR is a technique for the in vitro amplification of specific DNA. PCR method is 

more specific and sensitive than cultivation [14-16] because it  bases on detection of 

gene specific DNA sequences. Thus it is possible to distinguish the closed related 

bacteria [77] as well as enumerate non-viable and uncultivable bacteria. Since 

periodontitis may associate with uncultivable species [7, 8, 72] so PCR is suitable for 

subgingival biofilm studies. The substrates of PCR are composed of DNA template, 

primer, nucleotides, buffer, salt and Taq polymerase enzyme. PCR process consists of 

three steps including denaturation, annealing and primer extension. 

        Denaturation is performed by heating (temperature over 90°C) the DNA 

template to separate the strands then cooling down to allow the primer to anneal to 

their complementary sequences on the DNA template. The annealing temperature is 

usually 50°C-60°C. Finally, the DNA extension typically carried out at 72°C and the 

new nucleotide strand is formed. The number of amplification cycle ranges from 30-

40 cycles. Later, PCR products are processed to gel electrophoresis, stained with 

ethidium bromide (EtBr) and visualized under ultraviolet (UV) light. Fluorescent 

bands are analyzed by densitometry. 

 

2.6 Quantitative PCR or Q-PCR 

        The application of PCR as a quantitative tool requires determining the initial 

amount of target template from the total of PCR product that has accumulated after 
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amplification. Conventional PCR requires modification before using as a quantitative 

method. This is due to PCR is very sensitive to small variations of the experiment 

conditions, such as the size of primer, the annealing temperature and the concentration 

of salt so the controls are needed in every amplification. In order to exploit the high 

sensitivity of PCR, if there is a difference in the efficiency of amplification between 

separate PCR tubes or different templates, the different amount of product will be 

amplified as well. Such difference increases exponentially with increasing cycles and 

the magnitude of the difference between amplification factors. 

        Besides, after PCR processes to higher cycles, the saturation phenomenon 

occurs. This renders the gradual decreasing of the amplification efficiency, which 

starts in the later stages of PCR. It usually follows with the accumulation of some 

threshold amount of PCR products [78]. Accordingly, the saturation phenomenon 

influences the relation between initial DNA inputs and PCR outputs. Since, 

amplification factors in each cycle remain constant up to the pivoting point to the 

exponential phase, which reached after 15-30 cycles, depending on compositions in 

PCR mixture. After this cycle, the graph between logarithm of products and cycles 

becomes linear. Later the curve of graph gradually flattens until the value of this slope 

is close to zero, corresponding to full saturation of the PCR outputs in the plateau phase.  

        A consequence of this phenomenon is that if PCR starts with different amounts 

of DNA inputs, these initial differences will be preserved during exponential phase. 

Any difference will completely disappear if the PCR run up to complete the saturation 

phase. This is challenging to establish a reliable quantitative PCR since how adequate 

standardization can be achieved is questionable. 

        So far, two major methods of quantification have been developed:  

        1. Quantification without co-amplification of a standard sequence  

2. Quantification using a co-amplified standard sequence  

2.1 internal standards quantitative PCR  

2.2 quantitative competitive PCR 

        2.6.1 Quantification without co-amplification of a standard sequence  

        This method of quantification requires the product measurement at any point 

with increasing PCR cycles to check the duration of the exponential phase and to 

determine the amplification factor during exponential phase. The logarithm of 
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amplification factor is determined from the slope of the curve obtained by a linear 

regression analysis. The advantage of this method is that there is no need to construct 

and test a standard sequence. The main disadvantage is this method is more 

appropriate for one-time experiments than for the quantification of large series of 

samples. In addition, the accuracy of the method depends mostly on statistical 

characteristics and the regression analysis. The caution of this method is to exclude 

any data obtained beyond the exponential phase, especially samples with high 

concentration of target sequence. 

               2.6.1.1 Closed tube semi Q-PCR. 

               To investigate the amplicon, open and closed PCR systems have been 

established. In the traditional “open” detection system, PCR products are loaded to the 

appropriate gel, subjected to electrophoresis and analyzed by appropriate instruments 

such as a densitometry. It is quite difficult to maintain the whole volume of PCR 

products without contamination or loss during the electrophoresis process because 

such method requires several steps to identify the amplicons. Such flaws have been 

cited in several studies, especially in the quantification ones. To improve those, 

several “closed” PCR detection system have been reported, including the 

Fluorescence resonance energy transfer (FRET), which utilizes an energy transfer 

mechanism between two chromophores system. At present, the real time PCR is an 

example of such energy transfer system. Such real time method is acceptable as a gold 

standard for quantification. However, the method is still quite expensive and requires 

experiences to deal with a special instrument. Based on the study of Higushi et al 

[79], Doungudomdacha et al [17] have developed a simple and inexpensive closed 

PCR system to semi-quantify the numbers of three periodontal bacteria in subgingival 

plaque samples. In such method, EtBr is directly added to a PCR mixture before 

conventional amplfication. Because the fluorescence of EtBr significantly increases in 

the presence of double-stranded DNA, an increase in fluorescence in such process 

indicates a positive amplification, which easily monitored externally. Identification of 

this positive signal is very simple by directly placing each PCR tube against the UV 

light and so the intensity of fluorescence is analyzed and recorded by densitometry. 

Moreoever, in the study of Doungudomdacha et al [17], three Q-PCR including the 

closed tube semi Q-PCR, competitive Q-PCR and colourimetric Q-PCR are compared 
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for enumerating P. gingivalis, P. intermedia and A. actinomycetemcomitans in 

subgingival plaque. No significant difference in bacterial counts is found between the 

closed tube and the competitive Q-PCR. However, such two methods are more 

reliable than the colourimetric Q-PCR. In addition, the closed tube semi Q-PCR 

consumes less time than the competitive Q-PCR since no gel electrophoresis is required.  

        In this study, this method was employed to semi-quantify the investigated 

bacteria. Since a few parameters, including the concentration of EtBr, the cycles of 

amplification and efficiency of different primer-pairs have an effect on the closed 

system, so appropriate PCR conditions were investigated.      

 

        2.6.2 Quantification with a co-amplification of a standard sequence 

        This method allows compensating the tube- to- tube variation in amplification 

efficiency. The amount of initial input relies on the positive signal, which amplified 

from a reference or standard sequence in the same PCR tube. The standard is either an 

internal standard or an exogenous standard sequence. 

                 2.6.2.1 Internal standard quantitative PCR     

               This method involves the co-amplification of the target sequence with an 

unrelated sequence such as a single-copy gene or the transcripts of a house keeping 

gene. The co-amplification of unrelated sequence imposes the strict constraints on the 

PCR condition that allow reliable quantification. First, it requires the use of two 

primer pairs in one reaction. These four primers have to be checked for compatibility, 

such as similar melting temperature and for absence of primer-primer binding. 

Second, the difference between the initial amount of target and standard should not be 

too excessive. Furthermore, the mRNA levels of housekeeping genes may not remain 

constant in all conditions. Finally, both templates should be amplified with the same efficiency. 

               2.6.2.2 Quantitative competitive PCR 

               Conditions of reliable quantification are much less stringent if the standard 

sequence is very similar to the target sequence. A minimum prerequisite is that the 

binding sequences for a specific primer pair are identical in both target and 

competitor. Equal amplification efficiency of target and competitor is favored by 

similarity in length and in base composition. This method is called “competitive 

PCR” because the PCR is extended beyond the exponential phase into the saturation 
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phase, resulting in competition between both templates for amplification while 

preserving their initial ratio. The possibility to extend the PCR into the non-

exponential phase is very useful in practice since it avoids the need of additional 

controls and allowing the accumulation of sufficient PCR product for accurate 

quantification. However, before the embarking on this technique, it should be realized 

that the procedure is usually labor intensive and costly. 

               In the theory, the ratio between the amount of target and competitor will 

remain constant throughout the PCR cycles. Since the competitor is a known quantity 

and the final products of the both can be measured so the DNA input can be 

estimated. In general, a PCR mixture contains all components, including the target 

sequence and competitor, and divids into several PCR tubes. After amplification 

completes, PCR products are electrophoresed, visualized under ultraviolet light and 

recorded the fluorescence intensity of both targer and competitive outputs. The 

standard curve is plotted between the logarithm of target/competitive PCR products 

and initial competitor input. The initial target input is estimated at the point of 

equivalent, which is the point corresponding to the logarithm of target/competitive 

PCR products equal to zero. The saturation phenomenon does not affect the standard 

curve because this curve bases on the ratio between target and competitor, which 

remains constant whether or not competition occurs. For the same reason, the effect of 

tube-to-tube variation in amplification efficiency is minimized. 

        

2.7 Interrelationship between diabetes mellitus and periodontal disease. 

        Generally, there is an association between periodontitis and diabetes mellitus. 

Several studies reported the poorer periodontal status in diabetic patients [18-21]. 

Emrich [18] studied the periodontal status in non insulin dependent diabetes mellitus 

(NIDDM) patients in Pima Indian. The risk of type 2 DM patients for destructive 

periodontal disease were 2.8 times or more and duration of diabetes was correlated 

with attachment loss in both types of DM [18, 19, 80].  

       Grossi and Genco [81] have proposed model for two-way relationship between 

both diseases. One mechanism is the formation and accumulation of advanced 

glycation ends products (AGEs). The glucose mediated AGEs accumulation impaired 

chemotactic and phagocytic function of polymorphonuclear cells [82, 83] and 
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leukocytes. These result in an accumulation of more periodontal pathogens. This 

challenge triggers the cytokine upregulation ,especially with the secretion of IL-1, 

TNF-α, PGE2 [84-87] and a stage of insulin resistance that affects glucose utilizing 

pathway. TNF-α is a p ro-inflammatory cytokine, which implicates not only insulin 

resistance but also enhances lipolysis in adipocytes. This induces free fatty acid 

formation, which in turn, inhibit insulin action. Additionally, TNF-α is able to reduce 

synthesis of insulin-responsive glucose transporter, which leads to insulin resistance 

syndrome [88]. An increase in these circulating cytokines appears to exacerbate 

periodontal inflammation.           

        Interaction of mononuclear phagocytes with AGE-modified proteins induces 

upregulation of cytokine expression and induction of oxidative stress [89]. Thus, 

monocytes in diabetic patients may be primed with AGE-protein binding. Both 

periodontal infection and primed phagocytic cells may amplify the magnitude of the 

macrophage response to AGE-proteins. Lim et al [90] indicated a positive correlations 

between HbA1c and percentage sites with probing depth more than 5 mm, which 

suggests that poor metabolic control is a risk factor for poor periodontal health. 

        Simultaneously periodontal infection may induce a chronic state of insulin 

resistance, contributing to the cycle of hyperglycemia in the experimental animals 

[91, 92]. The glucose intolerance stage occured in the DM with periodontitis rats 

whilst alveolar bone loss in the DM rats is more than that in the non-DM rats. 

Although, periodontitis could induce glucose intolerance, there was no difference in 

free fatty acid and cytokine profile between the DM and non-DM rats. 

        High glucose concentration activates production of extracellular matrix proteins. 

Increased extracellular matrix proteins play a role in basement membrane thickening, 

which may impede oxygen diffusion, metabolite waste elimination, diffusion of 

immune cells and thus contribute to delay wound healing in DM patients [93]. 

Prolonged hyperglycemia renders persistent release of proinflammatory cytokines by 

inflammatory monocytes or macrophages. The primed macrophages also secret 

essential growth factors such as platelet-derived growth factor, transforming growth 

factor-β and fibroblast growth factor. These enhance further delay of wound healing. 

Since the periodontium is primarily composed of collagen, changes in collagen 
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metabolism may contribute to alterations in wound healing as well as initiation and 

progression of periodontal disease. Consequently, gingival fibroblasts produce 

decreased amount of collagen and glycosaminoglycan [94]. Such newly formed 

collagen is susceptible to degradation by collagenase, a matrix metalloproteinase, 

which is elevated in the tissues of DM patients, including periodontium. 

Glycosylation of deficient collagen at the wound margins results in reduced solubility 

and delayed remodeling of the wound site. In addition, the increased collagenase can 

degrade the newly synthesized, less completely cross-linked collagen, which 

promotes defective wound healing [93]. 

 

2.8 The subgingival microorganisms in the diabetic subjects 

        Early studies demonstrated a shift in subgingival microflora of DM-induced rat 

[95]. For instance, a shift of microfloras is predominated by gram-negative rods and 

filamentous bacteria in deep periodontal pockets. In type 1 diabetes mellitus subjects, 

Capnocytophaga species prevails in periodontal pockets of insulin dependent diabetes 

mellitus patients [28, 96, 97]. Diabetic subjects had more total anaerobe counts than 

the periodontitis controls [28, 97] but A. actinomycetemcomitans was rarely found in 

the diabetic patients [96]. In the pockets of poorly controlled type1 DM individuals, 

the numbers of spirochetes, fusiform and motile rods are higher than either well-

controlled type 1 DM ones or healthy sulci [96]. Although there was no difference in 

profile of subgingival pathogens between DM and non-DM subjects but the P. 

intermedia counts in the deepest sites of type 1 DM pockets was significantly 

increased at third-year recall [33].  

        Immunoflurorescence microscopy revealed that there is a small number of A. 

actinomycetemcomitans in type 2 DM subjects.Thorstensson et al [32] showed a high 

prevalence of P. gingivalis in both deep and shallow pockets of diabetic patients while 

P. gingivalis could be demonstrated in only the deep pockets of the non-diabetic 

controls. Whereas, high P. intermedia counts are at sites exhibiting deep pocket depth 
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and attachment loss [29]. Sandholm et al [31] also found more gram-negative 

anaerobes in the diabetic than the non-diabetic subjects, especially P. gingivalis in 

non insulin dependent DM with periodontitis [27]. Additionally, P. gingivalis is 

frequently detected in diseased sites of Hispanic type 2 DM subjects and there was a 

positive correlation between titer of P. gingivalis antibody and poor periodontal status 

[34]. Nevetheless, level and type of subgingival microfloras between the DM and 

non-DM pockets are controversial in some studies [30, 35-37]. For instance, the 

findings of Yuan [30] indicated no difference in prevalence of five pathogens between 

the type 2 DM and the non-DM groups by conventional PCR. This is in agreement 

with the findings of Campus et al [36], which indicate that P. gingivalis, P. 

intermedia, T. forsythensis are frequently detected in both type 2 DM and non-DM subjects. 

        In Thai population, Hintao et al [98] explored P. gingivalis, P. intermedia,          

T. forsythia , A. actinomycetemcomitans in supra and subgingival plaque in Thai type 

2 DM and non-DM subjects by DNA checkerboard technique. The plaque index and 

percentage of severe generalized periodontitis teeth were significantly higher in type 2 

DM subjects than those in non-diabetic ones. However, this study is not able to 

indicate any difference in the prevalence of periodontal pathogens in the subgingival 

plaque between those two groups. Also, duration, type and metabolic control of DM 

show no effect on the prevalence of periodontal pathogens [99]. Interestingly, 

prevalences of P. gingivalis, T. denticola and T. forsythensis were not different 

between uncontrolled type 2 DM and periodontitis subjects. Whereas, prevalences of 

P. gingivalis and T. denticola between healthy and diseased sites are similar among 

the uncontrolled type 2 DM patients [37]. 

        As aforementioned, race and geographic locations influence profiles of 

subgingival microfloras [100, 101] and there has been no study to determine level of 

periodontal pathogens in Thai population yet, thus this research aims to determine 

both prevalence and percentage of four periodontal microorganisms among Thai 

population. Additionally, this study may lead to more information about the 

relationship between periodontal disease and diabetes mellitus, which may be useful 

for assessment of periodontal condition in diabetic subjects as well as appropriate 

prevention, treatment plan and diagnosis for both diseases. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 
3.1 Subject population 

        In this study, medical and clinical data were recorded from 121 adult subjects 

who were recruited from the Department of Oral Medicine, Faulty of Dentistry, 

Mahidol University and the Golden Jubilee Medical Center, Mahidol University. 

These volunteers with age ranging from 35-81 years old, were classified into 4 groups 

according to their diabetic and periodontal status; group I: 28 non-diabetic with 

healthy periodontium subjects, group II: 31 non-diabetic with periodontitis subjects, 

group III: 31 type 2 diabetic with healthy periodontium subjects, and group IV: 31 

type 2 diabetic with periodontitis subjects. All subjects had at least 14 teeth and gave 

written consent forms. This study protocols were approved by the ethical committee 

of Mahidol University (see appendix A-C).  

        Exclusion criteria included pregnancy, periodontal therapy within previous 3 

months, antibiotic treatment within previous 1 month, treatment with any 

immunosuppressant drugs and any underlying systemic conditions, which might have 

affected the periodontal status. 

 
3.2 Data collection 

        All subjects were asked to complete the questionnaire about the medical history 

(detail in appendix D). Fasting blood sugar (FBS) was investgated in all subjects and 

glycated haemoglobin A1c (HbA1c) was also examined in all diabetic subjects.  

        Periodontal parameters in each subject were screened by one well-trained 

examiner, these include: 

        1. Pocket depth (PD), a distance in millimeters from the gingival margin to the 

bottom of the pocket. 
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        2. Bleeding on probing (BOP), defined as the presence or absence of bleeding 

within 10 seconds after pocket probing in dichotomous score. The percentage of 

bleeding sites per total sites was recorded. 

        3. CEJ- Gm, a distance in millimeter from cemento-enamel junction (CEJ) or the 

lower border of a restoration to gingival margin (Gm). 

        4. Clinical attachment level (CAL), defined as a sum of PD and CEJ-Gm. 

        All variables were recorded at six sites per fully erupted tooth (mesiobuccal, 

midbuccal, distobuccal, distolingual, midlingual and mesiolingual) including the fully 

erupted third molars by a periodontal probe (PCPUNC 15, Hu-friedy, USA).  

        Diabetic subjects, who were already diagnosed by physician, were categorized 

into two subgroups according to HbA1c level. These included controlled DM and 

uncontrolled DM. The controlled DM subjects in this study were defined as subjects 

who had HbA1c lower than 8% whereas the uncontrolled ones were the subjects with 

more than 8% of HbA1c. 

        The periodontitis subjects in this study were defined as subjects who had at least 

6 sites with both PD and CAL more than 5 mm whereas the healthy periodontium 

subjects were defined as subjects who neither have any PD more than 3 mm nor CAL 

more than 5 mm.      

 

3.3 Plaque sampling 

        Subgingival plaque samples were collected from two sites of 1-3 mm sulci of all 

subjects. In periodontitis subjects, two samples from 4-6 mm and at least one sample 

from more than 6 mm sulci were collected. The plaque index [102] and modified 

gingival index (MGI) [103] were recorded before sampling (detail in appendix E). 

After supragingival plaque was removed by ultrasonic scaler and the site was dried by 

cotton rolls, the subgingival plaque was taken with a sterile curette. The sample from 

each site was placed in the separate Eppendorf tubes containing 150 μl sterile de-

ionized water and kept at -20.๐C.       

 
3.4 DNA extraction  

        P. gingivalis (W50), T. forsythensis (ATCC 43037) and P. intermedia (ATCC 

25611) were kindly provided by the Department of Microbiology, Faculty of Dentistry, 
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Mahidol University. TM7 was prepared using the TA-cloning kit (Invitrogen®, USA) 

from amplicon derived from one clinical sample. To verify the TM7 identity, such 

positive clone was sent to sequence and compared with the published data in the 

GenBank by the basic local alignment search tool (Blast). Each reference strain was 

prepared by cloning the positive amplicon of each species into E. coli cells and 

cultured in LB (Luria-Bertani) agar plate. Colononies with positive recombinant 

plasmids were identified by conventional PCR using a specific primer pair for each 

target species. Such positive colony on the agar plate was picked, resuspended and 

subcultured in 50 ml of LB broth at 37°C for overnight. Then, an aliquot of 5 ml of 

the overnight suspension was inoculated into 200 ml of LB broth, subcultured at 37°C 

for overnight. The concentration of each suspension was adjusted and measured by 

spectrophotometry. The absorbance at 600 nm of each diluted suspension of bacterial 

DNA was measured to be 0.8. Cells were counted by light microscopy and adjusted 

until each suspension contained 107 cells per tube before being harvested by 

centrifugation at 5000 rpm for 5 min. Each reference pellet was kept at -20°C for 

further use. Before DNA preparation, the pellet was re-suspended in 200 µl of sterile 

water. The plaque samples and the reference bacterial suspensions were boiled for 10 

min and then freezed in -20°C. The serial ten-fold dilutions of each reference strain 

were prepared. 

 

3.5 Specificity and sensitivity of primers testing 

        Specificity of the primers was performed using the basic local alignment search 

tool (Blast) against data in GenBank. The employed PCR primers were shown in Table 1. 

 

Table 1 The primers for PCR in this study 

Species            Name                    Sequence (5’-3’)                   Amplicon length            Reference 

                                                                                                            (Bps) 

P. gingivalis      PgF       AGG CAG CTT GCC ATA CTG       

                          PgR     ACT GTT AGC AAA TAC CGA TGT        172          Doungudomdacha[17] 
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Table 1 The primers for PCR in this study (continued) 

Species            Name                     Sequence (5’-3’)                     Amplicon length        Reference 

                                                                                                              (Bps) 

T. forsythensis   TfF       GCG TAT GTA ACC TGC CCG CA 

                          TfR       TGC TTC AGT GTC AGT TAT ACC             641                Ashimoto [13] 

P. intermedia     PiF       TTT GTT GGG GAG TAA AGC GGG 

                           PiR      TCA ACA TCT CTG TAT CCT GCG T          487                Ashimoto[13] 

16s rRNA          27F       AGA GTT TGA TCM TGG CTG GAG  

                          342R     CTG CTG CSY CCC GTA G                            316               Lane[104] 

TM7                   27F       AGA GTT TGA TCM TGG CTG GAG 

                          1177R   GAC CTG ACA TCA TCC CCT CCT TCC    1149              Brinig[9] 

 

        For sensitivity test, 5 µl of serial ten-fold dilutions of each reference strain was 

added to 20 µl PCR mixture containing 5 µl of 5X Gotaq® buffer (Promega, USA), 1 

µl o f 2 5  μM MgCl2, 0.5 µl of 10 μM dNTP (Biolab, USA), 1.0 unit of Taq 

polymerase (DyNazymeTM, Finnzymes, Finland) and 1µl of 5 µM of each primer. 

PCR amplification was performed under following conditions: an initial denaturation 

step at 95°C for 3 min; followed by 30 cycles of denaturation at 95°C for 30 sec, 

annealing at 50°C for 30 sec, and an extension at 72°C for 30 sec; and a final 

elongation step at 72°C for 3 min. The PCR products were subjected to 

electrophoresis on 1 % agarose gel with Tris-acetate ethylenediaminetetra-acetic acid 

(EDTA) buffer. The gel was stained with 0.5 μg/ml of EtBr, photographed under UV 

illuminator. The fluorescence intensity was then analyzed using a densitometer 

(BioRad®, Vol react tool®, Gel Doc program, Italy).  

  

3.6 Optimization of PCR conditions. 

        The aforementioned variables of the PCR mixture in section 3.5 were optimized 

for each microorganism using 5 µl of the 104-cell DNA suspension. These included 

the annealing temperature, the magnesium concentration, the primer concentration 

and the volume of the DNA suspension. PCR enhancers, such as DMSO, glycerol 

were also investigated. Modifications of the PCR conditions were examined as follows: 
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        For P. gingivalis, the PCR conditions were employed as mentioned in the 

sensitivity test for the primers. However, the final concentration of MgCl2 was varied 

at 1.5, 2.0 and 2.5 mM.The amplification were also processed at three vary annealing 

temperature including 50°C, 55°C and 60°C.     

        For T. forsythensis, the amplification were processed at three vary annealing 

temperature including 50°C, 55°C and 60°C.     

        For total bacteria, the final concentration of MgCl2 was varied at 1.5, 2.0 and 2.5 

mM and the reaction was tested at either 50°C or 55°C.        

        For TM7, the PCR mixture was employed as mentioned above except 3 µl of the 

DNA sample with either 0.5 or 1µl of DMSO was tested. Then the final volume was 

adjusted to 23 µl and the modified PCR mixture was amplified for 30 cycles at the 

annealing temperature 50°C. 

        For P. intermedia, the PCR mixture was investigated with 3 µl of the DNA 

template and a concentration of each primer at either 1.5, 2.5 or 5 μM. Also, the final 

concentration of MgCl2 in the PCR mixture was examined at either 1.5 or 2.5 mM. 

The master mixture was then adjusted to the final volume of 21 µl and amplified at 

the varied annealing temperature, which ranged from 50 – 60°C. 

 

3.7 Screening for bacterial existence by conventional PCR 

        In order to determine the presence of the bacteria in each subgingival plaque 

sample, PCR amplification was performed in a 25-μl reaction mixture consisting of 

the reagents as described in section 3.5, except 1 µl of 5 µM of the 27F and 342R 

primers (or total bacteria primer) and 5 μl of each sample were employed. The 

amplification conditions included an initial denaturation step at 95°C for 3 minutes; 

followed by 40 cycles of denaturation at 95°C for 30 seconds, annealing at 50°C for 

30 seconds, and an extension at 72°C for 30 seconds; and a final elongation step at 

72°C for 3 minutes. The 104 reference cells and sterile de-ionized water were used as 

positive and negative controls, respectively. The PCR products were subjected to 

electrophoresis on 1% agarose gel prestained with 0.5 µg/ml of EtBr and 

photographed under a UV illuminator. The plaque samples, which negative to PCR, 

were excluded from the study. 
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3.8 Determination of EtBr concentration. 

        To determine an appropriate concentration of EtBr to detect the PCR product and 

yield a sufficient fluorescence signal for the closed tube semi Q-PCR, different 

concentrations of EtBr, ranging from 25 µg/µl to 100 µg/µl, were tested with the PCR 

reaction containing either 102 or 104 reference cells. After PCR completed, caps of 

each Eppendorf tube were cut and the tubes were directly placed against the UV light 

before the fluorescence intensity was recorded and analyzed by densitometry (Volume 

array tool in Gel doc program®, Biorad®, Italy). 

 

3.9 Effect of EtBr on components of PCR mixture  

        EtBr is a fluorescence dye, which intercalates between the stack bases of DNA 

helices. The complex results in an increase in fluorescence intensity. Interestingly, 

EtBr detects both single- and double-stranded DNA. However, the affinity for single-

stranded DNA is relatively low in comparison with the double-stranded DNA. The 

PCR mixture contains deoxyribonucleotides, single-stranded DNA (primers) and 

double-stranded DNA (both DNA template and PCR product), which may bind to 

EtBr. To determine whether there was a difference in the EtBr affinity among those 

substances, PCR mixtures were prepared as follows. The first mixture included all 

ingredients (1xPCR buffer, MgCl2, dNTPs, both forward and reverse primers, Taq 

DNA polymerase, DNA template and EtBr) as a positive control. The second mixture 

was without the DNA template as a negative control, the third without the dNTPs, the 

fourth without the primers, the fifth without the Taq DNA polymerase and the sixth 

without EtBr. All mixtures were subjected to PCR. To show the background 

fluorescence in the PCR mixture without amplification, the seventh mixture was 

prepared similarly to the first mixture but was not processed to PCR. The fluorescence 

intensity of each preparation was analyzed by both the closed tube PCR method and 

1% agarose gel electrophoresis. 

                

3.10 Finding the appropriate PCR cycles for the closed system. 

        The appropriate PCR cycle for the closed PCR system should be in the 

exponential phase of the amplification since an increase in PCR products is 2n (when 

n = number of PCR cycles). To determine the appropriate PCR cycle, the optimal 
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PCR mixture, as mentioned above was added to 50 µg/µl EtBr and processed at 

various cycles, which ranged from 20 to 40 cycles. After PCR completed, the caps of 

tube were cut. The concentration of ethidium bromide was analyzed by densitometry 

(Volume array tool in Gel doc program®, Biorad®, Italy). The logarithm of the 

fluorescence intensity of PCR products was plotted against the employed PCR cycles. 

 

3.11 Effect of efficiency of different primerpairs on PCR products.         

        Since DNA sequence and GC contents of the binding sites for each primer have 

an effect on the energy consumption for primer annealing, efficiency of a primer to 

bind to its binding site needs to be considered when utilizing different primer-pairs in 

the reaction, especially in the quantification study. In order to investigate such effect, 

the efficiency of the primer 27F and 342R for enumeration of total bacteria was 

compared to that of the specific primer pairs of each investigated bacterium, including 

1: primer PgF and PgR, 2: primer PiF and PiR, 3: primer TfF and TfR, and 4: primer 

27F and 1177R, respectively. To perform this, two sets of serial ten-fold dilutions of 

each reference species were prepared. In the first set, 5 µl of serial ten-fold dilutions 

of the reference strain was added to 20 µl the PCR mixture using the total bacteria 

primer-pair as mentioned in section 3.7 and subjected to 18-40 PCR cycles; whereas 

in the second set, the specific primer-pair for such species was utilized. The efficiency 

of each primer-pair was calculated by estimating the slope of the curve during the 

exponential phase, which was plotted between the logarithm of the fluorescence 

intensity of the PCR products and the employed amplification cycles. The ratio, from 

each serial dilution of the microorganism, between the efficiency value of the specific 

primer-pair and that of the total bacteria primer-pair was calculated. The average ratio 

from all dilutions of each species was employed as a constant to adjust the difference 

in the efficiency of the primers between each pair. 

 

3.12 The accuracy of the closed tube semi Q-PCR system: Intra-run and inter-

run determination    

        Since this study was involved with a semi-quantitative analysis of a large number 

of samples using a separate linear regression in each run. In order to obtain the 

reliable results, the intrarun and interrun were needed. To determine that every PCR 
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reaction in the same procedure and the same environment in the thermal cycler, at 

least three intra-runs were performed by a triplicate amplification of 102-104 cells 

reference strain in every run and compared the fluorescence intensity of each tube by 

the closed detection system. Whereas, each inter-run was performed to investigate 

that PCR reactions at different time intervals had no effect on the fluorescence 

intensity of the PCR products. The inter-run, which included a triplicate from the 

same PCR mixture, was performed by repeating the PCR procedure with the same 

condition at least three different times and then compared the fluorescence intensity of 

each PCR process similarly to the intra-runs.  

        All PCR products from the intra-runs and inter-runs of the closed tube PCR 

system were subjected to 1% agarose gel electrophoresis to confirm the presence of 

the expected amplicons of each target bacteria and to determine whether there were 

nonspecific contaminations such as primer-dimer. 

 

3.13 Quantitative analysis of subgingival bacteria by closed tube semi Q-PCR 

        Quantitative analysis of subgingival bacteria was performed by use of the closed-

tube semi Q-PCR system as described above. The number of each bacterium was 

estimated using a linear regression analysis from the fluorescence intensity of the 

PCR product from each plaque sample in relation to the logarithm of the known 

number of serial-ten-fold-dilution bacteria input. To achieve this, DNA from a serial 

ten-fold dilution of each reference bacterium and that from the plaque sample were 

prepared in two sets. For enumeration of total bacteria, the first set was subjected to 

the closed-tube semi Q-PCR using the 27F and 342R primers; whilst the second set 

was performed to estimate the investigated species using the corresponded primers. 

Briefly, 3-5 µl of each DNA suspension was added to a reaction mixture with 1µl of 

50 µg/µl EtBr. Each PCR reaction was performed in a separate eppendorf tube under 

the appropriate condition for each species as mentioned above. After being subjected 

to the appropriate PCR cycles, the fluorescence intensity from each closed tube was 

analyzed by densitometry. Since the power of the UV intensity from the trans-

illuminator had an influence on the fluorescence intensity, such power was set at 

maximum as well as the output signal from the densitometer was additionally adjusted 

as shown in Table 2. 
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Table 2 Manually adjusted protocol for Gel Doc program. 

    Species                     High                            Low                             Gamma 

P. gingivalis                 55-90                           2-5                               1.25-1.50 

TM7                             120-200                        0-8                               1.03-1.44 

T. forsythensis              80-150                        9-12                              1.00-1.03 

P. intermedia               100-130                       13-14                            1.00-1.03 

Total bacteria               55-90                          2-5                                   1.00 

 

        To calculate the numbers of the four bacteria in the plaque samples using a linear 

regression analysis, the standard curve was plotted between a series of the logarithm 

of initial number of bacterial input and the logarithm of corresponded PCR intensity. 

Since efficiency of different primer-pairs required adjustment as mentioned in section 

3.11, each bacterium was reported in form the percentage of target bacteria per total 

bacteria as equation:  

 

% of target bacteria = No.of target bacteria  * efficiency of total bacteria primer

        Data was ststistically analyzed by SPSS version 11.5. The Spirowilk and Levene 

were used to test the normal distribution and the homogeneity of variance respectively 

 *100 

                                    No. of total bacteria     efficiency of target bacteria primer 

 Efficiency of each primer-pair = estimated value of the slope from each standard 

curve during the exponential phase 

 

3.14 Validation of the PCR products in the closed tube PCR by gel 

electrophoresis 

        To confirm that the amount of fluorescence of the closed tube PCR was derived 

from an expected PCR product in the investigated plaque sample, not from other non-

specific backgrounds, after completion of each closed tube PCR analysis by 

densitometry, some PCR products were randomly selected and subjected to 1% 

agarose gel electrophoresis.        

         

3.15 Statistical analysis 
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for all parameters. The one-way analysis of variance (one way ANOVA) was used to 

test the homogeneity of demographic, periodontal status between four groups and 

interrun. The Chi square test was used to compare the prevalence of bacteria between 

four groups. The associations between DM, prevalence of each pathogen, and 

periodontitis were described in form of odds ratios at 95% CI.  

        The percentages of each species among 1-3 mm pockets were compared by the 

Kruskal-Wallis test. When the percentages of bacteria from 4-6 mm and more than 6 

mm were compared between non-DM with periodontitis subjects and DM with 

periodontitis subjects, the Man-Whitney U test was used. The associations between 

clinical parameters and percentage of each species were demonstrated by Spearman 

rank correlation at 95% confidence interval. 
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CHAPTER IV 

RESULTS 

 

 
4.1 Subject population 

        A total of 121 subjects participated in this study, includes 28 non-diabetic with 

healthy periodontium subjects (group I), 31 non-diabetic with periodontitis subjects 

(group II), 31 type 2 diabetic with healthy periodontium subjects (group III), and 31 

type 2 diabetic with periodontitis subjects (group IV).The demographic data of the 

subjects were shown in Table 3. 

 

Table 3 Demographic data 

                                       Healthy                      Periodontitis                       DM                    DM with periodontitis  

                                       (group I)                          (group II)                       (group III)                         (group IV) 

Subject                              28                                      31                                  31                                       31     

Age                             49.68 ± 9.71a                      48.39 ± 6.83a              56.19 ± 9.29a                      54.94 ± 10.08a 

FBS (mg/ dl)              88.96 ± 9.47                      92.10 ± 7.55               136.26 ± 47.94                   155.68 ± 60.98 

% HbA1c                           NA                                     NA                         6.7 (5.50)                           7.10(6.4) 

Median(range)  

DM duration(year)          NA                                     NA                          6.67 ± 4.62                         5.29 ± 3.91 

% BOP                       50.83 ±19.88                    73.73 ± 23.07                42.68 ± 18.92                     67.89 ± 20.78 

Remaining teeth        25.64 ± 3.36                      25.97 ± 4.67                 24.74 ± 4.29                       24.45 ± 4.05 

             a = statistically significant with  p < 0.01 compared between DM (group III and IV) and non-DM (group I and II) 

            NA means data not available. 

 

        The type 2 DM subjects were significantly elder than the non-DM (p = 0.002) 

but there was no significant difference in term of the percentage of BOP between DM 

and non-DM subjects (p > 0.05). In addition, there was no difference was found 

between the remaining teeth among the four groups. Among the DM subjects, 

difference in FBS, HbA1c and diabetes duration (group III and IV) were not significant.  
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4.2 Specificity of primers 

        The specificity of the employed primers for each bacterium, which was 

performed by the Blast against the published data from the GenBank, showed no cross 

reaction with other DNA sequences (Figure 3 – 6). As expected, the universal 

primers, 27F and 342R [104] showed 100% homology to plenty of published bacterial 

sequences.  

 

 
 

 

 
 

Figure 3 The key alignment score and analysis of P. gingivalis primers. 
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Figure 4 The key alignment score and analysis of T. forsythensis primers 
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Figure 5 The alignment score and analysis of P. intermedia primers. 
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Figure 6 The key alignment score of TM7 primers. 
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Figure 6 (continued): The analysis of TM7 primers from Blast. 
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Figure 7: The key alignment score of 16s rRNA (total bacteria) primers. 
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Figure7 (continued) The analysis of 16s rRNA (total bacteria) primers. 

 

4.3 Sensitivity of primers 

        The sensitivity of PCR method in detecting the lowest number of bacterial cells 

was different in each bacterial species. The lowest numbers of P. gingivalis,                

T. forsythensis and total bacteria were 10 cells, while those of P. intermedia and TM7 
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were 100 cells. Results of ten-fold serial dilutions of the 105 target organisms on 1% 

agarose gel electrophoresis were shown in Figure 8-11. Since the reference strains in  

this study were derived from cloning target species into E. coli cells thus the 

sensitivity in detecting E. coli cells represented that of total bacteria as illustrated in 

Figure 12.   

 

 
        
Figure 8 The sensitivity of PCR in detecting P. gingivalis. PCR products were electrophoresed on 1% 

agarose gel at 200 v. for 25 min. The gel was stained with 0.5 μg /ml ethidium bromide and 

photographed under UV light by Gel Doc program. Lane 1: molecular weight marker and lane 2 - 6:   

P. gingivalis 105, 104, 103, 102 cells and 10 cells, respectively  

 

 
  
Figure 9 The sensitivity of PCR in detecting T. forsythensis. PCR products were electrophoresed on 

1% agarose gel at 200 v. for 25 min. The gel was stained with 0.5 μg/ml ethidium bromide and 

photographed under UV light by Gel Doc program.  Lane 1: molecular weight marker, lane 2 - 6:        

T. forsythensis 105, 104, 103, 102 cells and 10 cells, respectively 
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Figure 10 The sensitivity of PCR in detecting P. intermedia. PCR products were electrophoresed on 

1% agarose gel at 200 v. for 25 min. The gel was stained with 0.5 μg/ml ethidium bromide and 

photographed under UV light by Gel Doc program.  Lane 1: molecular weight marker, lane 2 - 5:        

P. intermedia 105, 104, 103 and 102 cells, respectively. 

 

 

 
 
Figure 11 The sensitivity of PCR in detecting TM7. PCR products amplified from clinical isolate DNA 

were electrophoresed on 1% agarose gel at 200 v. for 25 min. The gel was stained with 0.5 μg/ml 

ethidium bromide and photographed under UV light by Gel Doc program.  Lane 1: molecular weight 

marker, lane 2 - 6: TM7 105, 104, 103and 102 cells, respectively. 
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Figure 12 The sensitivity of PCR in detecting total bacteria (27F and 342 R). PCR products were 

electrophoresed on 1% agarose gel at 200 v. for 25 min. The gel was stained with 0.5 μg/ml ethidium 

bromide and photographed under UV light by Gel Doc program. Lane 1: molecular weight marker, lane 

2 - 6: E.coli 105, 104, 103, 102 cells and 10 cells, respectively. 

 

4.4 Optimum PCR conditions 

        Effect of MgCl2 concentration and annealing temperatures were determined for  

P. gingivalis, the optimum conditions for P. gingivalis contained 5 µl of for P. 

gingivalis template and 1µl of 25 µM of MgCl2 and was performed at 50°c annealing 

temperature. Results showed a single expected band of 172 bps with no primer-dimer 

(data not shown). 

        For T. forsythensis, among the examined annealing temperature at 50, 52 and 

55°C, the optimum temperature was 50°C (data not shown). 

        For total bacteria, among the employed MgCl2 concentrations and annealing 

temperatures, PCR with the final concentration of 1.5 µM of MgCl2 at 55°C annealing 

temperature showed the best result (data not shown). 

         Similarly, for TM7, the optimal PCR condition was 5 µl of reference DNA 

template added to the reaction mixture together with 1µl of 100% DMSO and at 50°C 

annealing temperature (data not shown). 

        And for P. intermedia, the optimal PCR condition was 3 µl of the DNA template, 

the final concentration of 1 μM MgCl2 and 1.5 µM of each primer. The best annealing 

temperature was at 60°C (data not shown). 
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4.5 EtBr concentration for the closed tube semi Q- PCR system. 

        Various concentrations of ethidium bromide, ranged from 25 µg/µl to100 µg/µl, 

were mixed in the master mixture to amplify the known number of reference cells. 

The optimum concentration that showed enough visible signals for the closed tube 

PCR method was 50 µg/µl. Although the higher concentration was added, the 

intensity was not increased (data not shown). 

        EtBr was able to stain all the nucleic acids of the PCR mixture but with different 

affinity. The fluorescence intensity of the tube with all ingredients but without the 

amplification was employed as a background signal. Here, among the investigated 

tubes, the PCR product in the tube with all substances yielded the highest intensity. 

Other PCR-processed tubes showed low fluorescence signal, which was close to that 

of the tube with all ingredients but without the amplification (Figure 13). 

 

 
   

Figure13 Fluorescence intensity of the closed tube Q-PCR products for evaluating effects of EtBr on 

components of PCR mixture. Wells no. 1-2 were negative controls (the PCR mixtures without DNA 

template) without and with amplification process, respectively. Wells no. 3-4 were positive controls 

(complete components in the PCR mixture) without and with amplification process.    

 

 4.6 Appropriate PCR cycles for the closed system 

        The appropriate PCR cycles for amplifying each species were 27 cycles for  

P. gingivalis, 23 cycles for T. forsythensis, 30 cycles for P. intermedia, 28 cycles for 

TM7 and 36 cycles for total bacteria, respectively. Closed PCR condition for the 

amplification of each microorganism was summarized in Table 4. 
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Table 4 Summarized optimum PCR conditions for each species. 

Spp.        Mg              Primer            DNA           DMSO     Cycles    Denaturation          Annealing         Final  

               (µl)               (μM)           input(µl)                                         temperature              temperature       extension 

Pg           1.5                5                  5                 -          27            95°C                  50°C           72°C 

Tf            1.5                5                  5                 -          23            95°C                  50°C           72°C 

Pi            1.0                1.5               3                 -          30            95°C                  60°C           72°C 

TM7       1.5                 5                  3                +          28            95°C                  50°C           72°C 

Total       0.5                5                  5                 -          36            95°C                  55°C           72°C    

 

        4.7 Efficiency of different primerpairs on PCR products.   

        The ability of different primers to anneal to their binding sites on the DNA 

template is one of the important parameters in all quantitative PCR methods. In this 

study, serial ten-fold dilutions from 104 investigated bacterial cells using the total 

bacteria primer-pair in the first set and those with the specific primer-pair in the 

second set were subjected to 18-40 PCR cycles. 

        Results indicated that the slope of the 27F and 342R pair, the PgF and PgR pair, 

the PiF and PiR pair, TfF and TfR pair, and the 27F and 1177R pair were 5.205, 

7.140, 5.392, 4.938 and 4.756 , respectively. The difference in the efficiency of the 

primers between the pair of the 27F and 342R and that of the PgF and PgR to estimate 

the same number of bacteria was 0.73-fold different. Similarly, those for P. 

intermedia, T. forsynthesis and TM7 were 0.97, 1.05, and 1.09 folds respectively. 

  

4.8 The accuracy of the closed tube semi Q-PCR system: Intra-run and inter-run 

determination    

        The accuracy of the closed tube semi-quantitative PCR system of all investigated 

microorganisms was investigated using both intra-run and inter-run tests. The intra-

run was employed to determine the effect of the environment in the thermal cycler on 

the amplification procedure at the same time interval, results showed no significant 

difference in the fluorescence intensity of every intra-run, which was analyzed by 

both the closed tube PCR system and the agarose gel electrophoresis as a traditional 

detection system (Figure 14). Similarly, results from the inter-run test to examine that 
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effect on different time interval showed that there was a non-significant difference in 

the fluorescent signal of PCR amplicons both within the same time interval and in 

different run (Table 5). In addition, by use of gel electrophoresis, similar results were 

obtained from densitometric analysis of fluorescence intensity within and among each 

triplicate (Figure 15). The reliability of the technique was performed by intrarun and 

interrun assay. These assays were performed by closed tube semi-quantitative PCR 

along with samples. The intrarun and interrun assays of each species were showed in 

Table 5. No significant difference of all detected species was detected in the intrarun 

and interrun assays (p > 0.05). 

 

 
 
Figure14 Agarose gel electrophoresis of T. forsythensis intrarun.  

                 Upper: Lane1: molecular weight marker. Lane 2-4 were from the triplicate of 102cells. Lane 

no 5-7 were from each triplicate negative control. 

                 Lower: Lane 1: molecular weight marker. Lane 2-4 were from the triplicate of104 cells . 

Lane 5-7 were from the triplicate of 103 cells. 
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Figure15 Agarose gel electrophoresis of P. gingivalis interrun. Lane 1: molecular weight marker. Lane 

no.2-4 were from a triplicate of negative controls. Lane no.5-7 8-10 and 11-13 were from each 

triplicate of 102, 103 and 104 P. gingivalis cells, respectively. 

 

Table 5 Intra and interrun assays. 

 Assays                           Pg                       Tf                       Pi                      TM7            Total bacteria 

Intrarun                     0.05 - 0.78          0.05 - 0.78          0.05 - 0.78          0.05-0.37           0.05-0.78 

(range of p-value) 

Interrun                         0.57                     0.14                   0.32                     0.17                 0.38 

 (range of p-value) 

    

4.9 Presence of bacteria in the plaque samples by conventional PCR 

        Results, from the conventional PCR with the 27F and 342R primers to detect 

total bacteria, showed that 417 samples out of totally 451 samples were positive to 

total bacteria. All of the positive samples were utilized to enumerate the four bacteria, 

including those from 193 sites with pocket depth 1-3 mm, 120 sites with that of 4-6 

mm, and 104 sites with that of more than 6 mm. The number of sampling sites and 

their periodontal status were shown in Table 6 
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         Table 6 Number of sampling sites and periodontal status. 

Groups           Healthy                          Periodontitis                         Type 2 DM                  DM with periodontitis 
                    
   PD                1-3 mm           1-3 mm          4-6mm           >6mm             1-3mm              1-3 mm           4-6 mm        >6mm 
  

No.of  

Sites                     41                    46                  60                 59                     53                      53                  60                45 

 

PD(mm.)       2.24±0.69        2.83±0.38       5.63±0.58       8.56±1.64       2.32±0.64       2.72±0.53      5.53±0.56      8.09±1.20 

CAL              2.07±0.90a       3.33±1.31a      6.22±1.02       9.59±2.02       2.26±1.21a      3.11±1.29a    6.32±1.42      8.89±1.61 

(mm.) 

Plaque            0.85±0.57       1.11±0.67       1.47±0.76b      1.92±0.74       1.17±0.64       1.49±0.84     1.97±0.84b     2.16±0.67 

index 

MGI               1.00±0.77        1.57±0.58b     2.48±0.62       2.90±0.51       1.26±0.62       1.72±0.60b     2.52±0.62      1.54±0.84 

PD, CAL, plaque index and MGI were shown in mean±standard deviation 
a = statistically significant with p < 0.05 among the 4 groups with pocket depth of 1-3 mm. 
b = statistically significant with p < 0.05 between the non-DM with periodontitis and the DM with periodontitis . 
 
        Among the 1-3 mm pocket depth, the scores of both CAL and MGI in the 

periodontitis subjects (group II and IV) were significantly higher than those in the 

non-periodontitis subjects (p = 0.00) but there was no significant difference in plaque 

index among four groups (p = 0.07). 

        In 4-6 mm pocket depth between the non-DM with periodontitis (group II) and 

DM with periodontitis subjects (group IV), the plaque index of diabetic subjects was 

significantly higher than the other (p <0.05). In more than 6 mm depth, no significant 

difference was detected in all clinical parameters.   

 

4.10 Quantitative analysis of subgingival bacteria by closed tube semi Q-PCR 

        After the conditions for the closed tube semi-quantitative PCR were optimized, 

such method was employed to enumerate total bacteria, P. gingivalis, T. fosythensis, 

P. intermedia and TM7 species in the subgingival plaque samples from the four 

investigated group. Figure 16-25 showed examples of fluorescence intensity from the 

amplicons, which were derived from the closed tube semi-quantitative PCR along 

with gel electrophoresis of the corresponding PCR products: total bacteria (Fig 16 and 

17), P. gingivalis (Fig 18 and 19), T. forsythensis (Fig 20 and 21), P. intermedia (Fig 

22 and 23) and TM7 (Fig 24 and 25). Although there was DNA smears or primer-
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dimers in some lanes on the agarose gel (especially from the samples with low 

amount of initial plaque), the fluorescence signals from such tubes by the closed tube 

PCR were close to or lower than those from the 102 cells tube.   

 

 

 
 

Figure 16 Fluorescence intensity of the closed tube Q-PCR products for detecting total bacteria in the 

subgingival plaque samples from the periodontitis subjects. Wells no.1-3 were from a triplicate of 

negative controls. Wells no. 4-6, 7-9 and 10-12 were from each triplicate of 102, 103 and 104 E. coli 

cells, respectively. Wells no. 13-45 were from the plaque samples from the periodontitis subjects 

no.P22 – P28.   

 
 

 
 

Figure 17 Agarose gel electrophoresis of the closed tube Q-PCR products for total bacteria. Lanes 1-14 

were those from the periodontitis subjects no. P22-P24 corresponding to the well numbers as described 

in Figure 16.   
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Figure 18 Fluorescence intensity of the closed tube Q-PCR products for detecting P. gingivalis in the 

subgingival plaque samples from the periodontitis subjects. Wells no.1-3 were from a triplicate of 

negative controls. Wells no. 4-6, 7-9 and 10-12 were from each triplicate of 102, 103 and 104 P. 

gingivalis cells, respectively. Wells no. 13-45 were from the plaque samples from the periodontitis 

subjects no.P1 – P10. 

 

 

 
 
Figure 19 Agarose gel electrophoresis of the closed tube Q-PCR products for P. gingivalis. Lane 1 was 

from the positive control of 104 P. gingivalis cells as in the well no. 10. Lanes 2-15 were those from the 

periodontitis subjects no. P1-P10 corresponding to the well numbers as described in Figure 18.  
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Figure 20 Fluorescence intensity of the closed tube Q-PCR products for detecting T. forsythensis in the 

subgingival plaque samples from the DM with periodontitis subjects. Wells no.1-3 were from a 

triplicate of negative controls. Wells no. 4-6, 9-11 and 12-14 were from each triplicate of 102, 103 and 

104 T. forsythensis cells, respectively. Wells no. 7, 8, 15-48 were from the plaque samples from the DM 

with periodontitis subjects no.DP22 – DP57.  

 

 

 
 
Figure 21 Agarose gel electrophoresis of the closed tube Q-PCR products for T. forsythensis. Lanes 1-

13 were those from the DM with periodontitis subjects no. DP22 – DP30 coressponding to the well 

numbers as mentioned in Figure 20.  Lane 14 was from the positive control of 104 T. forsythensis cells 

in the well no. 14.   
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Figure 22 Fluorescence intensity of the closed tube Q-PCR products for detecting P. intermedia in the 

subgingival plaque samples from the periodontitis subjects. Wells no.1-3 were from a triplicate of 

negative controls. Wells no. 4-6, 9-11 and 12-14 were from each triplicate of 102, 103 and 104 P. 

intermedia cells, respectively. Wells no. 7, 8, 15-32 were from the plaque samples from the 

periodontitis subjects no.P28 – P31. 

 

 

 
 
Figure 23 Agarose gel electrophoresis of the closed tube Q-PCR products for P. intermedia. Lanes 1-

19 were those from the periodontitis subjects no. P28 - P31 coressponding to the well numbers as 

mentioned in Figure 22. Lane 20 was from the positive control of 104 P. intermedia cells in the well 

no.13.  
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Figure 24 Fluorescence intensity of the closed tube Q-PCR products for detecting TM7 species in the 

subgingival plaque samples from the DM with periodontitis subjects. Wells no.1-3 were from a 

triplicate of negative controls. Wells no. 4-6, 9-11 and 12-14 were from each triplicate of 102, 103 and 

104 TM7 cells, respectively. Wells no. 7, 8, 15-48 were from the plaque samples from the DM with 

periodontitis subjects no.DP6 – DP22. 

 

 

 
 
Figure 25 Agarose gel electrophoresis of the closed tube Q-PCR products for TM7 species. Lanes 1-7 

were those from the DM with periodontitis subjects no. DP6–DP22 corresponding to the well numbers 

as described in Figure 24. Lane 8 was from the positive control of 104 TM7-cloned cells in the well no. 12.  
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        Q-PCR was a technique in determining both qualitative (prevalence) and 

quantitative (number of cells) analysis so the results were shown both qualitative data 

(prevalence of target organisms) and quantitative data (percentage of target organisms). 

 

4.11 The prevalence of four pathogens in the plaque samples  

        The percentages of positive subjects for the investigated pathogens in four 

groups were shown in Table 7. All pathogens were detected more frequently in the 

periodontitis (group II and IV) than those in the non-periodontitis subjects (p = 0.00). 

No significant difference in the prevalence of all pathogens was found when those in 

non-DM with healthy periodontium (group I) and type 2 DM with healthy 

periodontium (group III) subjects were compared (p = 0.90 for P. gingivalis, p = 0.62 

for T. forsythensis, and p = 0.62 for TM7). When the prevalence of detected species in 

non-DM with periodontitis (group II) were compared to those in DM with 

periodontitis (group IV), P. intermedia were more frequently detected in the non-DM 

with periodontitis subjects than those in DM with periodontitis subjects (p = 0.01) but 

no significant difference was found in the others species (p > 0.05).   

 
Table 7 Percentages of positive subjects for four pathogens categorized by group 

                    
Pathogens        Healthy        Periodontitis          type 2DM            DM with periodontitis 
                              

 No.of 
Subjects                 28                     31                           31                               31  

   Pg                     10.71(3)            96.77(30)               9.67(3)                   90.32(28)  

 

   Tf                      3.57(1)              74.19(23)               6.45(2)                   64.52(20)  

 

  Pi                        0 (0)                 41.94(13)                0 (0)                      12.90 (4) 

 

  TM7                   3.57(1)              70.97(22)               6.45(2)                   58.06(18)  
 

Numbers of positive subjects were present in parentheses. 
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        When the depth of the periodontal pocket was considered, the percentage of the 

positive sites for the four pathogens was shown in Table 8. Generally, all four 

microorganisms were found more frequently in the periodontitis subjects (group II 

and IV) than those in the non-periodontitis (group I and III) ones (p < 0.01). The 

prevalence of the P. gingivalis positive sites with the pocket depth of 1-3 mm was 

significantly higher in the periodontitis (group II and IV) than those in the non-

periodontitis (group I and III) (p < 0.05).  

        Among the groups with pocket depth of 4-6 mm, P. intermedia was more 

frequently detected in the non-DM with periodontitis group than the DM with 

periodontitis (p = 0.04). Whereas there was no significant difference in the prevalence 

of all organisms in the more than 6 mm pockets between the non-DM with 

periodontitis and the DM with periodontitis subjects (p = 0.16 for P. gingivalis, p = 

0.11 for T. forsythensis, p = 0.08 for P. intermedia and p = 0.90 for TM7). 

 

Table 8   Percentages of positive sites for the four pathogens categorized by group 
and pocket depth. 

 
  
Spps.       Healthy                        Periodontitis                           Type 2 DM                    DM with periodontitis 
               
               1-3mm           1-3mm          4-6mm           >6mm              1-3mm                  1-3mm            4-6mm         >6mm 

                 

No.of  

Sites            41                   46                60                   59                    53                         53                   60                45                

 
 Pg          7.32(3)a        19.57(9)a      78.33(47)       86.44(51)          5.66(3)a            18.86(10)a       66.67(40)         75.56(34) 
 
 
Tf            2.44(1)           2.17(1)       35(21)            25.42(15)          3.77(2)                9.43(5)           28.33(17)        40 (18) 
     
 
Pi             0(0)                4.34(2)       16.67 (10)b    18.64(11)            0(0)                     0(0)                  5(3)b            6.67(3) 
 
 
TM7        2.44(1)           4.34(2)        30(18)           38.98(23)          5.66(3)                7.55(4)           26.67(16)       37.78(17) 
 

a  = statistically significant with p < 0.05 among 4 groups. 
b = statistically significant with p < 0.05 compared between the groups with 4-6 mm pocket depth in the 
non-DM with periodontitis and DM with periodontitits subjects. 
Numbers of the positive sites against all included sites were present in parentheses 
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4.12 The percentage of four pathogens in the plaque samples. 

        When the depth of the periodontal pockets was considered, the percentage of the 

number of the four bacteria in subgingival plaque sample was shown in Table 9 and 

Figure 26-29. Results showed the percentage of each target bacteria against total 

bacteria in terms of median (Med.), maximum (Max.), and minimum (Min.) of the 

four investigated groups. 

 

Table 9 The percentages of four pathogens in the subgingival plaque samples    

categorized by group and pocket depth. 

                      Healthy                             Periodontitis                                 Type 2 DM                   DM with periodontitis 

PD                1-3mm              1-3mm            4-6mm           >6mm              1-3mm             1-3mm         4-6mm        >6mm 

Pg+ sites          3                       9                     47                    51                        3                      10                 40               34                                            

  Med.            2.24                 1.03                  12.26               16.96                  1.42                   3.12              7.31           19.25              

  Max.            4.98                15.12                 93.14               84.87                  17.70                18.58            93.12          89.19 

  Min.            1.02                  0.28                  0.18                 0.02                    0.50                   0.99              0.14            0.55 

 Tf+ sites          1                     1                        21                   15                         2                      5                   17               18 

Med.             0.05                  0.03                   0.09                0.12                     0.01                  0.05             0.18            0.33 

Max.              NA                  NA                    5.42                 1.92                    0.02                 16.69            5.17            4.12    

Min.               NA                  NA                    0.03                 0.02                    0.01                  0.03             0.01            0.02 

Pi+ sites           0                    2                        10                     11                        0                      0                   3                  3 

Med.              NA                  0.40                   1.32                 2.39                     NA                 NA                0.84              4.60 

Max.              NA                  0.40                   6.71                 43.30                   NA                 NA                2.42             12.49 

Min.               NA                  0.39                  0.07                  0.02                     NA                 NA                0.64              0.69 

TM7 + sites      1                     2                        18                    23                         3                       4                 16               17 

Med.            0.08                  0.02                  0.04a                  0.25                     0.10                0.16               0.11a          0.18 

Max.              NA                 0.02                  0.43                    5.57                    0.12                 0.32               2.60           2.49 

Min.              NA                  0.01                  0.01                    0.01                    0.06                 0.06               0.04           0.04               

a = statistically significant with p < 0.05 compared between non-DM with periodontitis and DM with 
periodontitis at PD = 4-6 mm. 
NA means data not available 
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        Among the groups of 1-3 mm pockets, no significantly difference was found in 

the numbers of all detected organisms among the four groups (p = 0.18 for P. 

gingivalis, p = 0.13 for T. forsythensis, p = 1.00 for P. intermedia and p = 0.21 for 

TM7 species). Among the 4-6 mm-pocket groups, only the percentage of TM7 was 

significantly higher in the DM subjects than the non-DM (p = 0.04). There was no 

significant difference in the bacterial counts among other investigated groups (p = 

0.45 for P. gingivalis, p = 0.587 for T. forsythensis, p = 0.866 for P. intermedia). For 

pocket depth more than 6 mm, the percentages of all organisms were not significant 

difference between the non-DM with periodontitis and DM with periodontitis subjects 

(p =0.69 for P. gingivalis, p = 0.70 for P. intermedia and p = 0.82 for TM7) except a 

slight difference was found with T. forsythensis counts (p = 0.09). 

   

 
             Figure 26 The boxplot of the percentage of P. gingivalis counts in the positive subjects. X-

axis showed the group of subjects: 1) non-DM with healthy periodontium subjects, 2) non-DM with 

periodontitis subjects, 3) DM with healthy periodontium subjects and 4) DM with periodontitis 

subjects. Y-axis showed the percentage of P. gingivalis against total bacteria, which was categorized by 

pocket depth (as described below the graph). The values above each boxplot were outlier or extreme 

values in each group. 

 

        In the non-DM with periodontitis group, the number of P. gingivalis increased 

with the depth of the periodontal pocket (p = 0.03). P. gingivalis counts were 
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significantly different between 1) the groups with pocket depth 1-3 mm and those 

with 4-6 mm as well as 2) those with 1-3 mm and more-than 6 mm (p = 0.01 and p = 

0.00, respectively). In the DM with periodontitis group, the number of P. gingivalis 

was significantly different between those with 1-3 mm and more-than 6 mm (p = 

0.01). In both periodontitis groups (group II and IV), none was found between those 

with 4-6 mm and more-than 6 mm pockets.  

 

 
        Figure 27 The boxplots of percentage of T. forsythensis in the positive subjects. X-axis showed 

the group of subjects: 1) non-DM with healthy periodontium subjects, 2) non-DM with periodontitis 

subjects, 3) DM with healthy periodontium subjects and 4) DM with periodontitis subjects. Y-axis 

showed the percentage of T. forsythensis against total bacteria, which categorized with pocket depth (as 

describe below the graph). The values above the boxplot were outlier or extreme values. 

 

        In the non-DM with periodontitits group (group II), the number of T. forsythensis 

significantly increased in the group with more-than 6 mm pockets compared to that 

with 1-3 mm (p = 0.04) but there was no significant difference between that with 1-3 

mm and 4-6 mm (p > 0.05). Whereas in the DM with periodontitis group (group IV), 

T. forsythensis counts in the group with the pocket depth of 1-3 mm were significantly 

lower than  those of 1) 4-6 mm and 2) more-than 6mm (p = 0.04 and p = 0.01, 

respectively). Also, this species was found in lower level than P. gingivalis. 
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                           . 
        Figure 28 The boxplot of the percentage of P. intermedia in the positive subjects. X-axis 

showed the group of subjects: 2) non-DM with periodontitis subjects and 4) DM with periodontitis 

subjects. Y-axis showed the percentage of P. intermedia against total bacteria, which was categorized 

by pocket depth (as described below the graph). The values above each boxplot were outlier or extreme 

values .Note: there was no P. intermedia in the non-DM with healthy periodontium (group1) and the 

DM with healthy periodontium subjects (group 3).  
 

        The number of P. intermedia showed the same pattern as that of P. gingivalis; 

however, P. intermedia was not found in any 1-3 mm pockets. Within the non-DM 

with periodontitis group (group II), the number was found more in the more-than 6 

mm pockets (p = 0.00) than that in the 1-3 mm pockets. the level of such species in 

the group with more-than 6 mm pockets was same as that with the 4-6 mm pockets (p 

= 0.43).Within the DM with periodontitis group (group IV), the level of such species 
in the group with more-than 6mm pockets was same as that with the 4-6 mm pockets 

(p = 0.15). Overall, the number of P. intermedia in the sulcus was slightly higher than 

that of T. forsythensis in all groups.  
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        Figure 29 The boxplots of percentage of TM7 in the positive subjects. X-axis showed the group 

of subjects: 1) non-DM with healthy periodontium subjects, 2) non-DM with periodontitis subjects, 3) 

DM with healthy periodontium subjects and 4) DM with periodontitis subjects. Y-axis showed the 

percentage of TM7against total bacteria, which categorized with pocket depth (as describe below the 

graph). The values above the each boxplot were outlier or extreme values in each group. 

 

        TM7 increased in number with increasing pockets (p =0.07). Within the non-DM 

with periodontitis group, the number was found significantly higher in the more-than 

6 mm than those in the 1) 1-3 mm and 2) 4-6 mm pockets (p = 0.01 and p = 0.04, 

respectively). In the DM with periodontitis group, no significant difference was found 

among the numbers in the increasing pocket depths (p = 0.92). Interestingly, there 

was higher TM7 counts in the DM with periodontitis than those in the non-DM with 

periodontitis group (p = 0.03). 

 

4.13 Effects of hyperglycemia on the prevalence of four microorganisms. 

        The association between the type 2 diabetes mellitus and the prevalence of four 

periodontal pathogens was further demonstrated by odds ratios (OR). The highest OR 

was 0.802 for T. forsythensis, followed by 0.788, 0.745 and 0.244 for P. gingivalis, 

TM7 and P. intermedia respectively. P. intermedia was significantly associated with 
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DM (p = 0.014). The odds ratios between the presence of DM and the prevalence of 

four periodontal pathogens were shown in Table 10. 

 

Table 10 The odd ratios of four pathogens among DM and non-DM subjects. 

  Pathogens      Non-DM     DM              OR              95% CI                  p-value 

P. gingivalis           33           31              0.788          0.385 - 1.611               0.513 

T. forsythensis       24           22               0.802          0.385 – 1.673              0.556 

P. intermedia         13             4               0.244          0.075 – 0.799              0.014a 

TM7                       23            20               0.745          0.353 – 1.572              0.440 

a =statistically significant with p < 0.05 

 

4.14 Effects of periodontal pocket on the prevalence of four microorganisms   

        When the positive sites were classified by the depth of the periodontal pocket 

into the 1-3mm and more-than 3mm groups, the associations between presence of 

periodontitis and prevalence of the four microfloras were demonstrated by odd ratios 

in Table 11. All target organisms were significantly associated with the presence of 

pocket depth more than 3mm (p = 0.00). 

 

Table 11 The odd ratios between the prevalence of four target bacteria and the 

presence of more than 3 mm pockets  

  Pathogens           1-3 mm sites      >3mm sites             OR                     95%CI                 p-value 

P. gingivalis           25                172            22.228       13.185 – 37.471        0.00a 

T. forsythensis         9                  71              9.487         4.591 – 19.606        0.00a 

P. intermedia           2                  27            13.089        3.070 – 55.801         0.00a 

TM7                        10                 74              9.028         4.507 – 18.085        0.00a 

a =statistically significant with p < 0.01 

 

4.15 Effects of periodontal status on the prevalence of four target bacteria 

        There were significant associations among the prevalence of investigated 

organisms and periodontal variables, including PD, CAL, plaque index, MGI and the 
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percentage of bleeding sites (p < 0.01). However, none was found among such prevalence 

and age, FBS, HbA1c, diabetes duration at 95% confidence interval (data not shown). 

 

4.16 Associations between investigated clinical parameters and the numbers of 

the target microorganisms 

        Overall, associations among the numbers of the investigated organisms and 

clinical parameters were demonstrated by Spearman rank correlation coefficient in 

Table 11. The numbers of all target organisms were not correlated with FBS whilst 

those were significantly related to PD, CAL, MGI and the percentage of bleeding sites 

(p = 0.00). Among the four species, P. gingivalis counts were significantly correlated 

with the number of teeth and age (p < 0.05).  In addition, P. gingivalis and TM7 

counts were related to plaque index. Significant co-presence of the four species was 

found (p < 0.05). 

 

Table 12 Spearman rank correlation and p-value among all clinical parameters. 

Parameters                   % Pg                  %TM7                      %Tf                     %Pi 

                                R2      p-value        R2      p-value        R2      p-value         R2       p-value 

Age                       0.147     0.03a       -0.009     0.852       -0.052     0.293       -0.079     0.108 

FBS                      -0.33       0.498      0.072     0.141         0.083    0.090        -0.053     0.260 

No.of  teeth           0.100     0.04a       0.005     0.920         0.020    0.685        -0.041     0.399 

% BOP                 0.345     0.00b        0.231     0.00b           0.180    0.00b        0.177      0.00b 

PD                         0.639     0.00b       0.348     0.00b          0.328     0.00b        0.216      0.00b 

CAL                      0.598     0.00b       0.306     0.00b          0.290     0.00b        0.100      0.00b 

MGI                      0.572     0.00b       0.283     0.00b          0.300     0.00b        0.175      0.00b 

Plaque index        0.307     0.00b        0.216     0.00b          0.315     0.06         0.058      0.239   

%Pg                         1            -           0.445     0.00b          0.436      0.00b        0.261      0.00b                     

%TM7                   0.445     0.00b        1            -                0.411     0.00b       0.213      0.00b 

%Tf                      0.436     0.00b        0.411     0.00b              1          -             0.263      0.00b 

%Pi                      0.261     0.00b        0.213     0.00b          0.263      0.00b          1          - 

a = Correlation is significant at p < 0.05  
b = Correlation is significant at p < 0.01 
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CHAPTER V 

DISCUSSION 

 

 
        Inter-relationship between periodontal diseases and diabetes mellitus has been 

widely studied for decades. Inflammation process is believed to link both diseases. 

Hyperglycemia renders periodontal diseases in diabetic patients more severe than that 

in non-diabetics. Chronic periodontitis generates pro-inflammatory cytokines, which 

leads to damage of surrounding tissues and enhances severity of diseases. In addition, 

prolonged cytokine secretion may impair glucose tolerance [88, 91, 92] and cause 

complications in diabetic subjects. Bacterial infection in chronic periodontitis plays an 

important role in initiation of the inflammation and may interfere with diabetic status. 

In this study, four intriguing periodontal microfloras were investigated both in 

prevalence and numbers among the healthy, periodontitis, type 2 DM and type 2 DM 

with periodontitis subjects. Also, such details were analyzed with clinical parameters 

including periodontal and diabetic status. Among the target bacteria, not only the 

number but also the prevalence of P. gingivalis appears to be the most notorious 

species in chronic periodontitis. Additionally, none of the four species seems to relate 

with investigated diabetic status. 

        Interestingly, the FBS, HbA1c or diabetic duration among the diabetic subjects 

with and without periodontitis was quite similar, whereas the percentage of BOP was 

noticeably different. This implies that inflammation status of periodontal tissues may 

not directly interfere with changes in those diabetic parameters. There might be 

another mechanism that could explain that why the severity of periodontitis in 

diabetic patients is more than that in the non-diabetic ones. Since there were not a lot 

of diabetic patients, who visit the Department of Oral Medicine, Faulty of Dentistry, 

Mahidol University and the Golden Jubilee Medical Center, Mahidol University, so 

both controlled and uncontrolled diabetic subjects were included in this study. In 

general, uncontrolled DM impairs host response more than controlled ones, which in 

turn, may enhance the severity of periodontal diseases. However, this did not interfere 
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with the data. Since after statistically analysis, HbA1c was neither significantly 

different among the DM groups nor correlated with the prevalence of the four target 

organisms. Also, this is in agreement with the findings of Tervonen [99]. 

Additionally, age may be a risk factor for periodontal destruction [105, 106], for 

instance, elder subjects suffer with more clinical attachment loss than younger ones. 

Moreover, other studies showed that age was positively correlated with prevalence 

and proportion of P. gingivalis in periodontitis population [107-109]. This study 

supported with the previous. To improve this, case-control experiment between the 

two groups may be required. 

        PCR is a rapid and non-expensive tool to detect nucleic acids. Nevertheless, 

there are several important factors, which require adjustments for reliable results. 

These include efficiency of primers, magnesium concentration, types of DNA 

polymerase and purity of DNA template. Since the primers in this study were selected 

from other studies and there were limitations of available bacterial strains in our 

laboratory, specificity of primers was performed by the conventional PCR and 

comparing with the published sequences (Blast). Also, a small number of the plaque 

samples was negative for the presence of bacteria. Either this may be due to the 

limitation of the primers, unidentified inhibitors or errors during sampling may 

responsible to the presence of bacteria in the samples. Thus, those samples were excluded. 

        Optimization of the annealing temperature and magnesium concentration for 

each PCR is essential because unacceptable temperature and concentration of 

magnesium ion obtain lower PCR yield and may result in cross reactivity as well as 

non-specific bands. Consequently, in this study, the optimum PCR conditions were 

adjusted for each target species. For example, to improve the band intensity for the 

detection of TM7 species, DMSO was added in the PCR master mixture. This is partly 

due to the ability of DMSO to facilitate DNA separation, especially in G-C rich 

structures by disrupting base pairing [110].  

        So far, real time PCR has been accepted as a very powerful tool in enumerating 

the target DNA from the contamination in the reaction by use of melting curve 

analysis. This method has been developed to enumerate microorganisms in specimens 

including several periodontal bacteria [111-118]. Estimation is reported in either 

absolute (total cell count) [112-115, 117] or relative counts (bacterial count per total 
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bacteria in sample) [111]. However, this method requires a special instrument, which 

is expensive and not normally available in general laboratories. Other studies 

employed different quantitative methods [17]. For instance, the closed-tube semi-

quantitative PCR method bases on the fluorescence resonance energy transfer 

methodology with one inevitable disadvantage that the net fluorescence signal may be 

interfered with the signal from the primer-dimers. To improve this, gel electrophoresis 

is an additional method to validate the corresponding PCR products and is therefore 

not convenient for a large sample size. Nevertheless, such method is simple, less time 

consuming as well as easy to apply in a small laboratory. Since the estimation of the 

method relies on linear regression analysis of the data, the technique requires 

amplification in the exponential phase, in which all of the PCR components are 

exceeded and allow the reaction to progress theoretically. 

        Calibration of the concentration of fluorescence dye is another important factor 

to obtain a sufficient fluorescent signal. Improper EtBr amount influences such signal 

for densitometry and lowers the discrimination power for the PCR products with 

different initial DNA inputs. In this study, the appropriate PCR cycle and 

concentration of EtBr for enumeration of the four target species were different.  

        In addition, the reliability of the method depends in part on specificity of the 

primers and primer-dimer elimination, which may be achieved by lowering the 

amplification cycles [119] or using the hot start PCR technique [120]. Since there 

were a lots of plaque samples in this study, modification of the hot start technique was 

performed by allowing the temperature of the thermal cycler to be above 72°C before 

loading the PCR tubes. Besides, the primer-dimer formation was prevented by 

lowering the PCR cycles. However, such dimer still occurred in the samples with low 

amount of initial plaque. Such low DNA input renders the formation of the dimer 

because the ratio of the target DNA to the primer is too low. Here, a satisfied result was 

obtained in those samples by adjusting the concentration of magnesium chloride for each primer-pair.  

        Since PCR is very sensitive and so to obtain reliable and comparable quantitative 

data, both intra-run and inter-run tests of the closed tube semi Q-PCR were evaluated. 

No effect of PCR environments on the data for several amplifications at either the 

same time or different times was obtained, which implies the reproducibility of the 

closed tube method. 
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        By use of the closed-tube semi-quantitative method, the prevalence and the 

percentage of each target microflora were analyzed among the four investigated 

groups. Overall, the findings in this study were in agreement with those in previous 

studies. The prevalence and percentage of the four bacteria were different but there 

was a general trend that each species in more than 3 mm pockets were higher than that 

in the 1-3 mm pockets. This suggests that there may be a threshold of bacterial counts 

between the healthy and diseased pockets, which requires further experiment to verify this.  

        For instance, the prevalence of P. gingivalis was lower in periodontally healthy 

subjects than that in periodontitis subjects. Also, such species was found in almost all 

DM with periodontitis subjects, which was close to those of Kingnakornthong [37] 

and Zambon [27]. In the healthy sites with pocket depth less than 3 mm, the 

prevalence of P. gingivalis was nearly 3 times higher in the periodontitis subjects than 

that in the healthy volunteers. In the diseased sites with pocket depth more than 3 mm, 

82.4% of all sites in this study were infected with P. gingivalis compared to 72-100% 

in other previous findings [7, 13, 121-124]. This may be partly due to changes in the 

environment of the deeper periodontal pockets, which favors the survival of such microorganism.   

        Similarly, T. forsythensis was detected in the subgingival plaque in periodontally 

healthy subjects at low prevalence [7, 72, 121, 125]. The prevalence of such species 

among the peridontitis subjects in this study was 74.19%, which was close to those of 

Tran [63], Kumar [7] and Thiha [54]. However, it is still vague since this is in 

disagreement with the findings of some preceding studies [116, 121, 122, 124]. In the 

DM with periodontitis subjects, the prevalence of such microflora was lower than the 

findings of Kingnakormthong [37]. Apart from the different detection methods, this 

may partly result from the population and sampling technique, as the study of 

Kingnakornthong [37] included more uncontrolled DM patients, and higher 

amplification cycles. The uncontrolled DM subjects usually manifest poor dental and 

medical hygiene [126]. For instance, more gingival inflammation and deeper 

periodontal pocket impede daily oral hygiene care. These may lead to higher levels of 

putative periodontal microorganisms. The prevalence of T. forsythensis in the 1-3 mm 

pockets from non-DM with and without periodontitis was relatively similar, which 

implies that the inflammation has no effect on such colonization. However, the data 

are lower than those reported by Choi [121] and Kuboniwa [123]. In contrast, 
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Chanchaimongkon [124] reported the absence of this bacteria in sites with the depth 

of 1-3 mm. The finding of bacteria in healthy sulci may represent carrier stage or the 

presence of non-pathogenic strain [7, 127-129]. Although the prevalence in the 

diseased sites was higher than that in the healthy sites, which is in accordance with 

previous findings [15, 54, 63, 121, 123, 124]. This may result from either variations 

from person to person or different ecology between the healthy and diseased sites. 

        For P. intermedia, the prevalence in the non-periodontitis subjects was very low 

in comparison with the findings of  preceding studies [115, 121, 122]. This is alike in 

both the periodontitis and the DM with periodontitis subjects [27, 29, 115, 116, 121]. 

Interestingly, absence of P. intermedia in the non-periodontitis sulci of both the DM 

and non-DM subjects as well as low prevalence in diseased sites were in contrast with 

the prior findings [15, 121, 123]. This is quite interesting and may be due to differences 

in methodologies such as sampling methods and efficiency of primer-pairs.   

        The percentage of subjects who harboured TM7 was lower than that of other 

previous studies [7, 9, 72]. In the periodontally healthy subjects, it was nearly 10 

times less than those in the findings of Kumar and Tanner. This may partly due to 

limitation of the uncultivable nature of this species as well as different sampling and 

detection methods. For instance, Kumar [7] compared levels of this species between 

the non-periodontitis and periodontitis subjects by pooling the subgingival plaque 

samples, which were collected from mesial sides of all remaining teeth. In the study 

of Tanner [72], subgingival plaque samples were from early-periodontitis subjects 

with mild attachment loss from distolingual sites of molar teeth. Additionally, 

different sample size may be another factor since the number of the subjects in this 

study was four times more than that that in the study of Brinig [9].        

Among the DM with periodontitis sites, the prevalence of all species are lower than 

the findings of Yuan [30] and Kingnakornthong [37] except those of P. gingivalis in 

the diseased sites were quite similar. This may partly result from different 

methodologies. At the same level of pocket depth, this study indicated no significant 

difference in percentage of the positive sites between the DM and non-DM 

volunteers. which implies that diabetic status may not disturb balances of the four 

investigated bacteria in the ecology. This is supported by other previous findings [30, 

35, 36, 130].  
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        Since periodontal diseases are a kind of mixed infectious diseases. Levels of 

orange and red complex species rise considerably with increased pocket depth. In 

addition, microorganism profile differs in composition from site to site in the same 

subjects and from subject to subject. These depend on phase of the diseases, host 

response and potential risk factors. For instance, the number of periodontopathogens 

was significantly higher in active sites than that in inactive sites[12, 47, 48, 118].  

Relative counts may serve for site analysis and eliminate variations in subgingival 

plaque sampling. Among the DM individuals, P. gingivalis and P. intermedia counts 

in diseased sites were higher than those reported by Sbordone and Mendrell [29, 33]. 

However, the counts in 1-3 mm pocket were similar. The highest percentage of the 

bacteria was in the finding of Sastrowijoto since both target bacteria were estimated 

against total anaerobic counts [28].  

        TM7 has not been accepted as a true periodontal pathogen although percentage in 

diseased sites is significantly higher than that in healthy sites. TM7 is still fulfilled 

neither Koch’s postulates nor Soscransky’s criteria. Additionally, Kumar [7] reported 

the prevalence ratio of TM7 was 0.7-2.0, suggesting that such species may not be a 

true periodontopathogen. However, such species acts as scaffold of biofilm and 

involves in periodontal pathogenesis [9] . In contrast to the findings of Brinig et al [9], 

results from this study indicated that the percentage of TM7 was high in the sites with 

pocket depth more than 6 mm as well as in the sites with depth of 1-3 mm in the 

periodontitis with DM subjects. This implies that TM7 may require available factors 

or nutritions from both the periodontitis and diabetic conditions, which is quite 

interesting for further study.  

        Another objective of this study was to determine clinical factors, which may 

influence the percentage of the investigated microorganisms. Two clinical factors 

seemed to influence the percentage of the investigated microorganisms. The first one 

was the inflammatory status of the pockets including both bleeding on probing and 

MGI. The presence of gingival inflammation at a site markedly affects the 

composition of the microorganisms at that sites [12, 118]. For instance, members of 

red and orange complexes are significantly elevated at sites that exhibit bleeding on 

probing [12, 47, 48, 118]. Such elevated members in the inflamed sites may partly 

gain benefit from the inflammation because of the increased gingival crevicular fluid, 
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which favors the growth of several fastidious species. The second factor was the depth 

of the periodontal pocket since deeper pockets consist of a greater epithelial surface 

area, to which red complex species may attach better [131].  

        The number of the remaining teeth is another factor, which influences survival of 

oral microorganisms. The findings of Cortelli et al [125] suggest that presence of teeth 

should be a permissive factor for colonization of T. forsythensis, which is in 

congruent with those in this study that T. forsythensis counts were significantly 

correlated with the number of remaining teeth. In addition, there was a symbiosis 

relationship among the investigated subgingival bacteria, especially P. gingivalis with 

the other three species. This may be because of several virulent factors from such 

species, which provide suitable environment for co-existence. 

        This research also elucidate that the investigated DM conditions may not be 

associated with the four periodontal microfloras, but may instead exacerbate 

periodontal inflammation, such as changes in host response including phagocytic cell 

impairment [82, 83], catalytic cytokine induction [86, 87] and tissue healing 

retardation [93, 94]. Those responses lead to worse periodontal status, especially in 

the DM with periodontitis subjects than those in the non-DM with periodontitis ones, 

despite the same level of pathogenic bacterial loads. Therefore, it would be of great 

benefit to design further study for investigation these changes.  
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CHAPTER VI 

CONCLUSION 

 

 
         This study demonstrated that the prevalence of periodontal pathogens in the 

periodontitis subjects were significantly higher than the non-periodontitis ones, 

regardless of the diabetic status. Percentages of all investigated microorganisms were 

considerably increased by the depth of the periodontal pockets and severity of 

inflammation. Interestingly, P. gingivalis counts differed significantly among the 

healthy and the diseased sites. This may imply the level at risk of such bacterium. 

Both periodontal inflammation and diabetic conditions may favour presence of TM7 

more than periodontitis alone. Besides, FBS and HbA1c were not associated with the 

existence of P. intermedia and T. forsythensis. Although the investigated microfloras 

appear to be indenpendent of the diabetic parameters, further studies are needed to 

explore whether there is a relationship between host responses to diabetic and 

periodontal status. Additionally, a mechanism that underlies such association should 

be elucidated in order to plan sufficient prevention and treatment for each patient. 

Nevertheless, periodontal care should be provided to diabetic subjects as to reduce 

severity of periodontal diseases and provide better health status. 
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APPENDIX D 

INTERVIEW FORM 

 

 
                                                                                                 ID No. DT……- 0…. 

                                          แบบสัมภาษณใน 

โครงการวิจัยเร่ืองบทบาทของเชื้อกอโรคปริทันตและปจจัยเสี่ยง  

ตอสภาวะปริทันตในผูปวยเบาหวานชนิดที่ 2 

คําชี้แนะ : กรุณาทําเคร่ืองหมาย  หนาขอที่ตรงกับขอมูลของผูปวยมากที่สุด 

สวนท่ี 1  ขอมูลพื้นฐานและประวัติทางการแพทย 

1.  เพศ O  ชาย O  หญิง อายุ............ป..............เดือน  

 นํ้าหนัก..........กก.  สวนสงู............เซนติเมตร(โดยประมาณ)  

 ความดันโลหิต........... mmHg ระดับนํ้าตาลในเลือด .............. 

2.  ทานมีโรคประจําตัวหรือไม 

 O ไมมี (ขามไปตอบขอ 5) 

 O  มี..............................(โปรดระบุ) 

3.  ทานเปนโรคเบาหวานหรือไม 

             O เปน (ตอบขอ4) 

             O ไมเปน (ขามไปตอบขอ 5) 

4. ทานเปนโรคเบาหวานประมาณ...........ป (โปรดระบุ) และไดรับยาประจําตัวอะไรบาง  

 ………………………………………………………………………………………………… 

 ………………………………………………………………………………………………… 

5. ปจจุบันทานยังรับประทานยาปฏิชีวนะหรือไม 

 O  ทานอยู                            O  หยุดรับประทานมาประมาณ........เดือน (โปรดระบุ) 

6. ถาผูเขารวมโครงการเปนหญิง ทานกําลังต้ังครรภอยูหรือไม  

 O  ใช                                  O  ไม 
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สวนท่ี 2  ขอมูลดานพฤติกรรมสุขภาพ 

1.  ในปจจุบันทานสูบบุหร่ีหรือไม 

 O ใช (ตอบขอ 1.1) 

 O ไม (ขามไปตอบขอ 2) 

 1.1 สําหรับผูที่สูบบุหร่ีอยูในปจจุบัน ความถี่ในการสูบบุหร่ีของทาน 

  O  ทุกวัน และจํานวนบุหร่ีที่สูบประมาณ..........มวน/วัน 

  O  เปนคร้ังคราว ประมาณ...........คร้ัง/เดือน และสูบบุหร่ีคร้ังละ...........มวน/คร้ัง  

2.  ในปจจุบันทานด่ืมเคร่ืองด่ืมผสมแอลกฮอลหรือไม 

  O  ใช (ตอบขอ 2.1,2.2) 

  O  ไมใช (ขามไปตอบขอ3) 

 2.1 ผูที่ด่ืมอยู ความถี่ในการด่ืมของทาน 

  O  ทุกวัน 

  O  เปนคร้ังคราวประมาณ............คร้ัง/เดือน (โปรดระบุ) 

 2.2 สําหรับผูที่ด่ืมอยู โปรดระบุชนิดของเคร่ืองด่ืมที่ทานด่ืมเปนประจํา (ตอบไดมากกวา 1 ขอ) 

  O  เบียร จํานวนที่ทานด่ืม...........(ขวด/กระปองตอคร้ัง) 

  O  ไวน  จํานวนที่ทานด่ืม...........(แกว/คร้ัง) 

  O  สุรา, บร่ันดี, สุราพื้นบาน, เหลาขาว จํานวนที่ทานด่ืม...........(แกว/คร้ัง) 

3.  ในปจจุบันทานเคี้ยวหมากหรือไม 

       O  ปจจุบันยังเคี้ยวหมากอยู ความถี่ในการกิน..........คร้ัง/วัน (โปรดระบุ) 

             O ไมเคย (ขามไปตอบสวนที่ 3) 

 

สวนท่ี 3 ขอมูลดานพฤติกรรมทันตสุขภาพ 

1.  ความถี่ในการพบทันตแพทย ................................... 

2.  ทานเคยเขารับการขูดหินน้ําลายและ/หรือรักษาโรคปริทันตมากอนหรือไม  

  O  ไมเคย 

  O  เคย คร้ังสุดทายเมื่อ........................(ระบเุดือน/ป) 

3.  ความถี่ในการแปรงฟน ................คร้ัง/วัน 

4.  วิธีการแปรงฟน 

 ………………………………………………………………………………………………… 

 …………………………………………………………………………………………………  
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5.  ทานใชวิธีอยางอ่ืนนอกจากการแปรงฟน ทําความสะอาดฟนหรือไม 

  O  ไมใช 

  O  ใช (โปรดระบุ)...............................................................................................  

         และความถี่ในการใชวิธีดังกลาว...................................................................  
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APPENDIX E 

INDEXS 

 

 
1. Criteria for the Modified gingival index  (Lobene 1986) 
 

            Score                   Criteria 

0     Absence of inflammation 

1     Mild inflammation: slight change in color, little change in 

texture of any portion of but not the entire marginal or 

papillary gingival unit. 

2     Mild inflammation: criteria as above but involving the entire 

marginal and papillary unit. 

3     Moderate inflammation: glazing, redness, edema, and/or 

hypertrophy of the marginal and papillary gingival unit. 

4     Severe inflammation: marked redness, edema, and/or 

hypertrophy of the marginal and papillary gingival unit. 

Spontaneous bleeding or ulceration. 

 
 

2. Criteria for the plaque index  (Loe and Silness 1967) 
 

Score                    Criteria 
 

0 Absence of visible plaque when exploration. 
 
1 Present visible plaque about cervical one third of clinical crown 

 
2 Present visible plaque about middle third of clinical crown 

 
3 Present visible plaque full side of clinical crown. 
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