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ABSTRACT 

Background and Objectives 

Periodontitis is among the most widespread chronic inflammation disease. The aim of the study was 

determination inflammation status by the levels of sialic acid and its fractions in periodontitis and their relation with 

demographic and clinical properties, in the center of Erbil City. 

Method 

This study included total sample of (161) individuals. They consisted of (85 males and 76 females) and included 

two age groups; (18-44) years and (45-75) years. The levels of total sialic acid and its fractions; free sialic acid, lipid bound 

sialic acid and protein bound sialic acid in both supernatant and sediment of saliva were measured and their relation 

statistically with age, family history, and status of ; diabetes mellitus, hypertension, and medication were calculated.  

Results 

The levels of salivary biochemical parameters in periodontitis were higher than healthy adults. There was inverse 

relation of ages with total free sialic acid . There was high relation of protein bound sialic acid with family history of 

periodontitis and diabetes mellitus. Hypertension was related to lipid bound sialic acid in the supernatant of saliva. 

Medication status was related significantly to total salivary sialic acid. 

Conclusions 

These results conclude that immune responses and inflammation will decline with age. Familial effect and 

diabetes mellitus associated with severity of periodontitis. Mucin rich in lipid in hypertensive patient is a characteristic of 

periodontal diseases. In spite of specific action of each drug, they caused low flow rate of saliva which caused decrease in 

salivary protein and its sialylation.  
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INTRODUCTION 

Chronic periodontitis is an inflammatory disease that affects the supporting tissues of the teeth. It is a multi-

factorial influenced by genetics as well as by the environment [1]. It is initiated by specific bacteria within the plaque bio-

film and progresses due to an abnormal inflammatory- immune response to those bacteria. Periodontitis is the major cause 

of tooth loss and is significantly associated with an increased risk of stroke, type-2 diabetes and heart diseases [2]. 

Prevalence of periodontal disease was very high (99.5%) in the center of Erbil city [3]. Saliva could be used as a 

noninvasive diagnostic fluid to measure biomarkers released during disease initiation and progression such as periodontal 

infections [4].  
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Sialic acids are family of nine carbon acidic monosaccharide that occur naturally at the end of sugar chains 

attached to the surface of cells and soluble proteins [5]. Sialic acid occupies the interface between the host and pathogenic 

microorganisms. An important function of host sialic acid is to regulate innate immunity [6]. The aim of the study was 

determination inflammation status by identification specificity of total and fraction of sialic acid to various properties of 

periodontitis patients. These properties were ages, family history of periodontitis, and medical status which include 

systemic diseases (diabetes mellitus and hypertension) and medication status. 

SUBJECTS AND METHODS 

Sample Collection 

The present study was carried out in Erbil city-Hawler Medical University, College of Dentistry and Khanzad 

specialized dental center. The data collected through a personal interview in the dental teaching clinics during the period of 

1
st
 August 2008 up to 25

th
 May 2009. The biochemical studies were done for all subjects in the laboratory of basic science 

–College of Nursing. 

The study population composed of one hundred sixty one (161) cases (patients) attended the department of 

periodontics. They consist of (85 males and 76 females males), their age range was (18-75) and include patients with 

periodontitis, and periodontitis patients with diabetes mellitus (levels of sugar tested in the laboratory of Komari hospital/ 

Arbil) , and hypertensive ( hypertension status checked by staff of dental clinic). Pregnant and lactating women, individual 

with viral, fungal infection were excluded. A structured questionnaire (interview forms) was used to collect data by asking 

the studied population about demographic and medical properties; include (age, sex, family history, diseases and use of 

medications (antidepressants, antihypertensive, and hypoglycemic were used by periodontitis patients for more than one 

years. While anti-inflammatory and antibiotic were used for one week).  

Saliva samples (prior to the clinical measurements) were collected from all subjects between 9 and 11 hours AM., 

to minimize the effect of diurnal variation on flow and composition. Spitting method [7] was used for collection un-

stimulated whole saliva. The samples were centrifuged immediately at (10000) g and at 4
0
C for 20 minutes to obtain clear 

supernatant and are stored at -20C
0
 for analysis. The remaining sediment (precipitate) was washed with saline (7% pH 7.0), 

and centrifuged. The saline supernatant fraction was discarded and the sediment was then re-suspended to the original 

volume with saline (7% ) (pH 7.0) and stored at -20C
0
 for analysis [8].  

Biological Analysis 

Total (TSA) and free sialic acids (FSA) were measured with modified thiobarbituric acid method of Skoza and 

Mohos,1976 [9]. Extraction and determination of lipid -bound sialic acid (LSA), Masami, 1989 [10]. Determination of 

sialic acid bound to total proteins (PSA) ,Shetty and Pattabriaman, 2004 [11], salivary total proteins by Lowry method 

,Davidson, 2000 [12].  

Statistical Analysis 

Descriptive analysis; include means and standard deviation, comparison, and correlations between parameters 

excluded, were measured by using SPSS software version 18. 

RESULTS 

Levels of Salivary Sialic Aid and its Fractions in Periodontitis 

Total sialic acid (TSA) was estimated in supernatant and sediment of saliva and represents the sum of free sialic 

acid (FSA), lipid bound sialic acid (LSA) and protein bound sialic acid (PSA) in both supernatant and sediment fractions of 

saliva,(Table -1). 
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Relation between Salivary Sialic Acid with its Fraction and Ages  

Total sample in periodontitis was divided into two age groups; the first was (18-44) years which included 91 

patients (56.5% ) and the second (45 -75) years included 70 patients (43.5% ) of total. (Figure 1) show frequency of patient 

in each age group and their inverse relation with (TFSA). (Table 2) shows the inverse relations of age groups with free 

sialic acid in supernatant and total free sialic acid. Statistical analysis showed significant difference in their levels between 

age-groups.  

Relation of Diabetes Mellitus (D.M) Status with Chemical Parameters 

(Table 3) Shows the relations of diabetes mellitus status with ( TSA, and PSA fraction in sediment ) . Statistical 

analysis indicated a low relations between (TSA and its PSA fraction in sediment) and (D.M.). There was a non significant 

difference between the means of these biochemical parameters between diabetic and non diabetic patients.  

Relation between Family History of Periodontitis and Biochemical Parameters 

Statistical analysis only showed relation between family history of periodontitis disease and protein bound sialic 

acid (PSA) in sediment. There was a significant difference in means of (PSA) between the groups of familial status, as 

shown in (Table 4).  

Relation between Medication Status and Total Sialic Acid 

(Table 5) Shows the relation of medication status with; total sialic acid (TSA). There was a significant (P≤ 0.05) 

difference in the means of (TSA) among the groups of medication status. 

Statistical analysis (ANOVA- test) estimated significant (P≤ 0.05) difference in the means of total sialic acid 

between the groups that medicated with antibiotic drugs (136.77 ± 19.74) and both groups ; hypoglycemic medication 

(185.08 ± 44.31) and non medicated (163.71± 41.23). 

Relation of Hypertension Status with (Gender, Ages, Drugs and Biochemical Parameters) 

(Table 6) shows the relation of hypertension status with lipid bound sialic acid in supernatant, gender, age, and 

medication status. Statistical analysis showed a significant (P≤ 0.05) difference in the means of (lipid bound sialic acid in 

supernatant, gender, age, and drug) between hypertensive patient and non-hypertensive patients. 

DISCUSSIONS 

Levels of Total Salivary Sialic Acid and its Fractions in Periodontitis  

In this study, total salivary sialic acid showed significant high concentration in periodontitis patients .This was 

accompanied with that salivary sialic acid concentration in the periodontal group was significantly higher than that in 

healthy group [13], and was higher than total salivary sialic acid level in controls measured by [14] who found (62±37.2 

mg/l) for salivary TSA in control . Also total Salivary sialic acid and its fractions was higher with that of [8] who measured 

in healthy adult by the same method in both (supernatant and sediment) parts of saliva . 

This increase in total salivary sialic acid may be due to presence of certain Gram negative bacteria (periodo-

pathogenic) adhered only to low molecular weight and free form of salivary mucin throughout the sialic acid residues 

present on low molecular weight of mucin ( MG2) which may cause a decrease in (MG2) and an increase in sialic acid [15] 

and can hinder the function of the host defenses via disruption of the complement pathway [6]. Also increase synthesis of 

mucin as scavenger of hydroxyl group throughout sialic acid was resulted from increase in lipid peroxidation in 

periodontal diseases [16]. 
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Relation of Biochemical Parameters with Age Groups 

There was significant difference among age groups in the level of free sialic acid (inverse relation of ages with 

TFSA and This agrees with [17] who found significant age –related decrease in the sub-mandibular gland content of 

protein, sialic acid and neutral sugars. Old age group include large percent of patients which have teeth missing that had 

negative correlation with free sialic acid. So negative relation between ages and free sialic acid in this study is due to 

missing of teeth and less bacteria. This agrees with [18] who mentioned that defense factors which were derived also from 

gingival crevicular fluid were decreased in the absence of teeth. Also with [19] who reported that declines in immune 

responses occur with aging in elderly patients. 

Relation of Biochemical Parameters with Diabetes Mellitus (D.M.) and Family History of Periodontitis 

In this study total salivary total sialic acid fractions in sediment (TSAP) and protein bound sialic acid (PSA) in 

sediment, were related to diabetes mellitus status. There was also relation between (PSA) in sediment with familial status 

of periodontitis. These results indicated to sever periodontitis in (D.M.) and familial group and agree with [20] who 

showed that genetic variation associated with pro-inflammatory cytokine that stimulated by both (D.M.) and periodontitis 

and have deleterious effect on periodontal tissue and interfere with insulin action [21]. (PSA) may represent sialic acid 

incorporated to bacterial bio-film in deep periodontal pocket. Removal of terminal sialic acid either by; neuraminidase of 

mimicry virulence bacteria [22], [23] and [6] or by inherited disorder of endogenous neuraminidase [24]from sialylated 

glycoprotein could incorporate onto the surface of developing plaque, and cause destruction component of host tissue. 

Diabetes mellitus characterized by immunological alteration such as neutrophil abnormalities and reduced cellular 

immunity [25] and appear to be under genetic control [26]. Hyperglycemia in (D.M.) also cause production and 

accumulation of advanced glycated end product (AGEs) ). Greater vascular permeability in AGE-enriched gingival tissue 

would lead to greater break down of collagen fibers and accelerated destruction of both connective tissue and bone as 

indicated by [27].  

Relation between Hypertension and Parameters 

Hypertension was related to lipid bound sialic acid (LSA) in the supernatant of saliva and there was significant 

difference in (LSA) between hypertensive and non hypertensive patients. This result may be due to sialylated lipoprotein in 

hypertensive patients and agrees with [28] who found that total sialic acid significantly correlated with systolic and 

diastolic blood pressure. There was also significant correlation between serum total sialic acid and total cholesterol and 

triglyceride and concluded that this might be due to sialylation of lipoprotein. 

Serum lipid is the main source of salivary lipid (especially neutral lipids) and is a characteristic of periodontal 

diseases because lipid rich environment affect the molecular form of salivary mucin and increase attachment of bacteria to 

teeth surface and colonization by high molecular weight mucin rich in lipid and low in proteins. While aggregation and 

bacteria clearance from oral environment could be done by low molecular weight mucin rich in protein and low in lipid 

[29].  

Relation between Medications (Drugs) Status and Total Sialic Acid 

Medication status was related to total salivary sialic acid (TSA). There was a significant difference in (TSA) 

among groups. Hypoglycemic medicated group (diabetic periodontitis patients medicated with hypoglycemic drug ) and 

periodontitis without medication had highest (TSA) comparing to the others. This result due to severity of periodontitis and 

reduced salivary flow rate (dehydration) in diabeteic patients [30]. Lower levels of (TSA) in other medicated groups may 
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be due to the effect of drugs (especially anti-inflammatory and antidepressant ) on flow rate of saliva.. Low flow rates were 

associated with lowest concentration of protein and protein bound carbohydrates stated by [31]. [32] Stated that several 

drugs cause dry mouth such as antihypertensive, tetracycline, antidepressant and others. [33] Indicated that antidepressant 

drugs caused dry mouth and decrease in total salivary proteins, increase in micro- biota and gingivitis.  

In this study antihypertensive and anti-inflammatory and anti-depressant drugs may be caused low flow rate and 

in turn low total salivary proteins and TSA (except in hypertensive medicated group due to severity of periodontitis) 

(Figure 4)). In addition non steroid anti-inflammatory drug prevent prostanoid formation and bone resorption [34]. 

The lowest value of TSA) was found in group who ingested antibiotics. This result agree with [35] who found that 

antibiotic prevent release of sialic acid and its metabolism by micro-flora. Decrease in total sialic acid represents decrease 

in bacteria and inflammation. Tetracycline is the preferred drug in treatment of periodontitis (antiproteinases therapy) 

because it decreases the activity of tissue degrading enzymes matrix metalloproteinases (MMPs) also suppress glycation in 

uncontrolled (D.M) patients [36] .  

Low level of total sialic acid in hypertensive periodontitis group who medicated by antihypertensive drug may 

also due to old ages (57.13 ±9.3) years, especially to highest teeth missing in this group (which cause less inflammation), 

and high percentage (76%) of females in hypertension patients as indicated by relation of ages, genders, and drug with 

hypertension status (Table 6). These results may cause decrease in flow rate of saliva and decrease synthesis of sialic acid 

and was in line with that both hyposalivation and xerostomia increased by age, were more prevalent among women than 

men, and were often associated with frequent use of drugs [37].  

CONCLUSIONS 

This study showed decline in immune responses with aging, in addition to increase in missing of teeth which 

cause less bacteria and inflammation (free sialic acid ), and decrease in synthesis of defense factor. Sever form of 

periodontitis present in diabetes mellitus and in familial periodontitis patients as indicated by their relation with (PSA) in 

sediment which represent sialic acid incorporated to bacteria as a result of glycoprotein destruction of host tissue. High 

molecular weight mucin rich in lipid and low in proteins in hypertensive patient is a characteristic of periodontal diseases 

because increased attachment of bacteria to teeth surface and colonization as indicated by (LSA) in supernatant. 

Antidepressant drugs resulted low flow rate of saliva which caused low salivary protein and its glycosylation (TSA). 

Antibiotic and anti-inflammatory drugs decreased inflammation and bone resorption . Salivary flow rate also related to 

gender and old ages with teeth missing in hypertensive periodontitis patients in addition to the effect of anti-hypertensive 

drug on the saliva flow rate and the level of total sialic acid. 
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APPENDICES 

 

Figure 1: Frequency of Age Groups in Periodontitis and Inverse Relation of 

Total Free Sialic Acid (TFSA) with Ages 

 

 

Figure 2: Difference in the Means of Total Salivary Proteins among Groups of Medication Status 

Table 1: Levels of Total Salivary Sialic Acid and Total of its Fractions in Periodontitis 

 

Total of Sialic Acid and 

its Fractions in Saliva 
No. 

Mean ± S.D 

(mg/l) 

TSA 161 160.58 ± 39.64 

TFSA 161 54.11 ± 18.28 

TLSA 161 65.519 ± 25.77 

TPSA 161 41.9 8±21.41 

 

Table 2: Relations of Ages Groups with Free Sialic Acid in Supernatant and Total Free Sialic Acid and Their 

Means Difference between Age Groups 

 

Biochemical 

Parameters 

Age 

(Years) 
Means± S.D. No. 

Value of 

Eta Test 

Type of 

Relation 

t-

Test 

P-

Value 

FSA in supernatant 
18-44 37.31±15.95 91 

0.254 Low 3.38 .001
**

 
45-75 29.43± 13.35 70 

TFSA in supernatant 

and precipitate 

18-44 57.94±19.86 91 
0.239 Low 3.2 .002

**
 

45-75 49.15±14.72 70 

     (** P≤ 0.01 ),      (t-test= independent t –test) 

 

Table 3: Relations of Diabetes Status with Some Biochemical's Parameters, and Their Means Difference between 

Diabetic and Non Diabetic Patients 

 

Parameters Diabetes Status Means± S.D. No. 
Value of 

Eta test 

Type of 

Relation 

T-

Test 

P-

Value 

TSA in 

sediment 

Non diabetic 57.99± 28.85 151 
0.124 Low -0.18 Not 

Diabetic patients 72.69± 24.61 10 

PSA in 

sediment 

Non diabetic 17.85 ± 12.77 151 
0.107 Low -0.208 Not 

Diabetic patients 23.41± 7.75 10 
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Table 4: Relations between Familial history of Periodontitis and Protein Bound Sialic Acid in Sediment and its 

Means Difference between Familial Status of Periodontitis 

 

Biochemical 

Parameter 

Familial 

Status 

Means± 

S.D. 
No. 

Value of 

Eta Test 

Type of 

Relation 

t-

Test 

P-

Value 

PSA in 

sediment 

No Familial 

history 
16.67± 10.41 107 

0.171 Low -1.92 0.03
*
 

Familial 

history 
21.22± 15.7 54 

      (* = P ≤ 0.05) 

Table 5: Relations between Medication Status and Total Sialic Acid and its Mean Difference among Groups of 

Medication Status 

 

Biochemical 

Parameter 

Medication 

Status 
Means± S.D. No. 

Value of 

Eta Test 

Type of 

Relation 

F-

Test 

P-

Value 

TSA 

Hypoglycemic 185.08 ± 44.31 6 0.246 Low 2.50 0.044
*
 

Not medicated 163.71± 41.23 125 

Other drugs 146.98 ± 18.65 8 

Hypertensive 146.13± 31.34 10 

Antibiotic 136.77 ± 19.74 12 

    ( * (P≤ 0.05) ),          F- test= ANOVA test) 

Table 6: Relation of Hypertension Status with Lipid Bound Sialic Acid in Supernatant, Gender, Age, and 

Medication Status and Their Means Difference between Hypertensive Status 

 

Parameters Medication Status Means± S.D. No. 
Value of 

Correlation R
c
 

P-Value of 

Relation 

t-

Test 

P-

Value 

LSA in 

supernatant 

Non hypertensive 43.24± 17.78 144 0.155 0.05 -0.2.0 .044
*
 

Hypertensive  52.63± 20.08 17 

Gender 

Non hypertensive 1.43± 0.49 144 0.201 0.01 -2.8 .009
**

 

Hypertensive  1.76± 0.43 
M

a
=4 

Fe
b
=13 

Age 
Non hypertensive 39± 13.24 144 0.371 0.004 -7.3 .00

**
 

Hypertensive  55± 8.63 17 

Drug 
Non hypertensive 1.34± 0.955 144 0.479 0.000 -5.2 .000

**
 

Hypertensive 3.11± 1.36 17 

      **   (P≤ 0.01) 

      *   (P≤ 0.05) 

      a = male             

      b = female            

      c  = Pearson's correlation 

 

 

 

 

 

 

 

 

 




