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Abstract:

Background: Saliva is very important physiologic fluid with buffering capacity due to bicarbonate and phosphate ions. Smoking has many side effect in the oral mucosa .Alkaline Phosphatase is an intracellular enzymes of the saliva related to destructive processes and cellular damage. The aim of this study was evaluation of salivary pH, buffer capacity and alkaline phosphatase change in smokers men’s in comparison to healthy non smokers. 
Methods: In this retrospective cohort study 251 nonsmokers and 259 smokers were selected between 2012 and 2013. Unstimulated whole saliva was collected using Navazesh method. The pH and buffering capacity of saliva were determined using pH meter .Salivary enzymes were determined spectrophotometrically. Data were analyzed using independent t- test at the 0.05 significance level by STATA-12 statistical software. 
Results: Smoker group had significantly lower pH and buffer capacity than healthy control group .Salivary pH was 7.42 in smoker and 7.52 in nonsmoker (p=0.018).Salivary buffer capacity also had statistically significant difference between two group ( p=0.001). The mean level of alkaline phosphatase was 49.58 in smoker group and 55.11in non smoker group (p=0.015).
Conclusion: Smoker group had significantly lower pH, buffer capacity and alkaline phosphatase as compared to healthy control group that probably was due to deleterious effect of smoking on oral environment and saliva. Salivary changes in smokers can be considered as the biochemical markers of the functional condition of oral tissues which help in diagnoses and also evaluation of smoking effects on oral and dental health.
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Introduction:
Saliva  is very important physiologic fluid with  old history [1]. Saliva is a complex biological oral fluid from the major and minor salivary glands. There are three major and 450- 750 minor salivary glands on tongue, buccal mucosa and palate 
 ADDIN EN.CITE 

[2-4]
. Water consist 99% of saliva and organic and inorganic molecules consists of 1%. Digestion, protection, lubrication and tooth integrity are major functions of saliva 
 ADDIN EN.CITE 

[3-6]
 .
It has almost hundreds compositions and biomarkers which can aid in systemic diseases diagnosis, exposure to various harmful substances, detection of health and disease status. Metabolomics, genomics, proteomics and bioinformatics salivary research field is rapidly advancing [4].
Saliva was used as a diagnostic fluid from second half of the 20th century [7]. Saliva has many advantages than serum such as: accessibility, easy collection, non invasive test. Saliva can early detect some diseases, addictive drugs and monitor disease course and treatment 
 ADDIN EN.CITE 

[6-7]
 .
Saliva has buffering capacity due to bicarbonate/carbonate ions and to a lesser extent to phosphate-ions and proteins present in saliva which neutralize acids produced or ingest in the oral cavity 
 ADDIN EN.CITE 

[8-9]
.
cigarette smoke  has over  4000 components [10]   such as pyridine alkaloids , aromatic hydrocarbons , combustion gases 
 ADDIN EN.CITE 

[11-13]
  that  lead to different and  life threatening disease . Smoking has many side effects in the oral mucosa such as delay in wound healing, periodontitis, oral premalignant and malignant lesions [14]. 

Alkaline Phosphatase is an intracellular enzyme of the saliva, most tissues and organs, especially bones. Destructive processes  such as periodontal disease  lead to cellular damage[15].  This enzyme is related to cell injury and death.
Alkaline phosphatase  most commonly correlated with bone metabolism[16].  So it present on  osteoblasts membrane and in polymorphonuclear leukocyte granules[17]. 
Studies showed altered level of alkaline phosphatase ,pH and buffer capacity in dental caries  
 ADDIN EN.CITE 

[18-19]
menopause  [20], gingivitis and periodontitis ,
 ADDIN EN.CITE 

[17, 21-23]
 HIV [24], diabetes
 ADDIN EN.CITE 

[25]
,  tooth movement in orthodontics, [26] cancer
 ADDIN EN.CITE 

[27]
, smoking [28]  and abdominal inflammatory diseases[29]. 
 In according to deleterious and dangerous effect of smoking on oral mucosa and associated salivary change and limited study in this field the aim of this study was evaluation of pH , buffer capacity and alkaline phosphatase change in smokers men’s in comparison to healthy non smokers .
Materials and methods 

This study protocol was approved by the Ethics Committee of the Hamadan University of Medical Science and Health (Hamadan, Iran) and written informed consent was signed by all patients after explaining the goals of the study. 
In this retrospective cohort study 251 nonsmokers and 259 smokers were selected between 2012 and 2013.  Age range of 510 participants was 20-50 years. Smoker group had smoking habit at least 5 cigarettes a day, since at least 5 years ago. The control group were healthy nonsmokers who attended to the Oral Medicine Department of Hamadan Dental School .Persons with systemic disease, alcohol consumption, drug treatment, new smoker were excluded.
 Before saliva collection patient informed to did not have any oral stimulus for at least 90 min. Unstimulated whole saliva was collected using Navazesh method[30]. Case group informed that did not have smoking 1 h prior to the saliva collection. 5ml unstimulated saliva spitted into a sterile falcon tube. The specimens were immediately centrifuged (1000g, 10 min) at 4°C to squamous cells and cell debris were removed and  supernatant  part of saliva was isolated .Saliva samples immediately frozen at -80C until the sample collection period was completed.
The pH of saliva was determined using pH meter(HANNA instrument ® inc Michig\n ,USA). 
 ADDIN EN.CITE 

[18]
 Immediately after saliva collection after pH measurement,  buffer capacity was calculated  in according to pH changes. 
Salivary buffer capacity was evaluated by addition of 1 ml of 0.1 N HCl to 1 ml of saliva and pH was recorded. Buffer capacity was calculated according to changes in pH and ranked as high buffer capacity (ph>5.5), moderate (4.5≤PH≤5.5) and low (PH<4.5). (Ericsson method) [31].
salivary alkaline phosphatase were determined with spectrophotometric assay using PARS AZMUN KITS (Tehran, Iran) by addition of P- Nitrophenylphosphate solution and production of P-Nytrophenol then saliva evaluated in 450 nm of  spectrophotometer .
Statistical analysis:

Data were analyzed using independent t- test at the 0.05 significance level by STATA-12 statistical software (StataCorp, College Station, TX, USA). All values were reported as mean SD.
Results:

All of the participants were male with 20-50 years age range. 

The results of this study showed lower salivary alkaline phosphatase, pH and buffer capacity in smokers in comparison to non smoker group.

Smoker group age was (27.76±6.54) and control group was (30.98±  7.80).
Smoker group DMFT index was (11.43±2.98) and healthy non smoker control group was (5.28±2.72 ).
As shown in table 1 smoker group had significantly lower pH and buffer capacity than healthy control group. 

The mean and standard deviations pH, buffer capacity and alkaline phosphatase, in case and control groups are shown in Table 1. 

Salivary pH was 7.42 in smoker and 7.52 in nonsmoker and the difference was statistically significant (p=0.018).

Salivary buffer capacity also showed statistically significant between two group ( p=0.001). Buffer capacity in  case group was 0.54 and in control group was 4.17. 
The mean level of alkaline phosphatase was 49.58 in smoker group and 55.11in non smoker group which statistically significant difference was found for alkaline phosphatase level between groups (p=0.015).
Discussion: 

Saliva is the first biologic oral fluid encounter with cigarette smoke[28]. Alkaline phosphatase is tissue degradation enzyme which may be produced by epithelial, inflammatory cells, bacterial organism and particularly mineralizing tissue cells 
 ADDIN EN.CITE 

[17, 22, 32]
 . Alkaline phosphatase present in most of the tissues and organs as an   intracellular enzymes. Destructive processes in alveolar bone lead to increased activities of it 
 ADDIN EN.CITE 

[22, 32]
 .Salivary alkaline phosphatase measurement has several advantages because saliva collection is easy with no specialized equipment, also it is fast and comfort for the patient and the practitioner[33].

In this study pH, buffer capacity and alkaline phosphatase were statistically lower in smoker group than healthy control group.

In one study alkaline phosphatase activity was significantly higher in rampant caries group than control group. alkaline phosphatase is one of the salivary enzymes which may play a main role dental caries mineralization process[34] . In this study lower level of alkaline phosphatase can not help dental remineralization in smokers.
Salivary alkaline phosphatase significantly was decreased after treatment in patients with pancreatitis, appendicitis, pregnant women. Therefore it is useful in diagnosis and treatment monitoring of abdominal inflammatory diseases as a noninvasive test [29].
Alkaline phosphatase change shows metabolic changes of gingiva and periodontium in the inflammation and periodontal disease[17] .  Salivary alkaline phosphatase significantly increased in periodontal disease than control group. Periodontal therapy caused significant reduction in the enzyme levels 
 ADDIN EN.CITE 

[17, 22, 35]
.Therefore it can be useful in diagnosis and prognosis of periodontal tissues function in disease and health states [17]. 
In our study there was highly significant decline in salivary alkaline phosphatase levels in smokers (P=0.015) as compared to the healthy controls which may indicates effect of smoking on salivary enzymes ( Table 1).
Alkaline phosphatase activity was increased 20-fold in sites with 2 mm or more of attachment loss[36]. Similar to our results levels of salivary alkaline phosphatase and albumin were significantly lower in current smokers than in non-current smokers in Kibayashi et al study 
 ADDIN EN.CITE 

[23]
 .
Smoking may suppress the host-defense system, and promote periodontal disease progression 
 ADDIN EN.CITE 

[23]
. In another study smoking had no effect on the alkaline phosphatase activities . smoking cause  several oral diseases and cancer[28].Saliva may be useful for monitoring children with cancer.  The concentration of alkaline phosphatase was increased in patients with cancer 
 ADDIN EN.CITE 

[27]
. Diabetic patients had significantly higher salivary levels of alkaline phosphatase 
 ADDIN EN.CITE 

[25]
.Salivary ALP shows bone turnover and can use in the diagnosis and prognosis of periodontal disease 
 ADDIN EN.CITE 

[37]
. 
Salivary pH and buffer capacity were lower in HIV positive patients and this reduction was correlated with degree of immunosupression[24]. High pH and buffer capacity of saliva produce better oral health and lower caries incidence[19]. In this study pH and buffer capacity were decreased in smoker which can predict worse oral and dental health status and predisposing to caries. Saliva can prevent dental caries with regulating pH by its buffer capacity and many other functions[19] .
Salivary pH was lower and BC was higher in post-menopausal women than control group[20]. In children with early childhood caries pH and buffer capacity were lower
 ADDIN EN.CITE 

[18]
.Farsi  also reported  lower resting salivary pH in dental caries[38].Oral health and integrity, demineralization-remineralization balance , dilution and antimicrobial activity maintain salivary buffer capacity 
 ADDIN EN.CITE 

[5, 39]
. 
Body’s acid–base balance control is by Buffering systems. For maintain pH level of body fluids in acidic attack from cellular metabolism and ingested foods, chemical buffer systems , respiratory, and renal mechanism act together  [40]. PH change can produce most of pathological changes of teeth and oral cavity[40] .Age has effect on buffer capacity  in one study buffer capacity rise in elderly than young group [21].In another study significant correlations was found between pH and periodontal pockets [21].PH and buffer capacity were same in different stages of the periodontal disease [21].
Further longitudinal studies should be done to understand true effects of smoking on saliva and its components 
 ADDIN EN.CITE 

[18]
. 
Lower alkaline phosphatase level in smoker in this study can be explained by hyperkratinization of oral and gingival mucosa which prevent alkaline phosphatase release to saliva and wide age range of studied population.
Smoking can produce periodontal disease in some persons, affect bone and produce bone destruction. We did not evaluate smokers with periodontal disease and smoking side effect on oral mucosa. It is necessary to design more longitudinal studies among smoker with and with out oral manifestation in comparison with healthy control group in different age and sex matched populations.
Conclusion: On the basis of the findings of this study, it can be concluded that the activity levels of salivary alkaline phosphatase enzymes was decreased in smoking state and pH and buffer capacity also were lower in smokers than non smokers . All together smoker groups had significantly lower pH, buffer capacity and alkaline phosphatase as compared to healthy control group. This decline in smokers is probably due to deleterious effect of smoking on oral environment and saliva. So, the salivary changes in smokers can be considered as the biochemical markers of the functional condition of oral tissues which help in diagnoses and also evaluation of smoking effects on oral and dental health.
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Table 1: Comparison of salivary pH, BC and ALP between smokers cases (n=259) and nonsmokers subjects (n=251)
	
	Nonsmokers
	Smokers
	Difference
	ANOVA

	Variable
	Mean
	SD
	Mean
	SD
	Mean
	SE
	

	pH
	7.52
	0.43
	7.42
	0.48
	0.10
	0.04
	0.018

	Buffer capacity
	4.17
	0.71
	3.41
	0.54
	0.77
	0.06
	0.001

	Alkaline Phosphatase (IU/l)
	55.11
	27.85
	49.58
	23.33
	5.54
	2.27
	0.015
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