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I. Introduction 
Chronic periodontitis is a multifactorial disease that results in inflammation and destruction of the 

supporting structures of the tooth, mainly the periodontal ligament, cementum and alveolar bone (1). Traditional 

periodontal diagnostic procedures include probing depths, bleeding on probing, clinical attachment levels, 

plaque index and radiographs assessing alveolar bone level. All these clinical and radiographic parameters are 

difficult in identifying and measuring the progression of the disease (2). Research evidence suggest that altered 

activities of various enzymes, both at cellular and sub-cellular levels, can influence the disease process. Thus, 

measurements of enzyme activities can furnish valuable diagnostic and prognostic information (3, 4). 

Elements such as selenium, copper and zinc are essential components of enzymes where they attract or 

substract molecules and faclilitate their conversion to specific end products. Copper plays an essential role in 

our metabolism largely by allowing many enzymes to function normally. Chromium is required for the 

biosynthesis of glucose tolerance factor (5-7). Zinc is required for the catalytic activity of a large number of 

enzymes. The enzyme most essential for zinc are alkaline phosphatase, alcoholdehydrogenase, carboanhydrase, 

glutamate and lactate dehydrogenase and RNA polymerases (8,9). Zinc also plays a vital role in immune 

function, wound healing, synthesis of proteins, DNA and cell division(10,11). Zinc is necessary for proper sense 

of taste and smell(12). It plays the role of an antioxidant in the recovery of healing process after an injury and 

protection against aging(13). 

Alkaline phosphatase (ALP) is an enzyme that plays a major role in bone homeostasis. It is present in 

liver, kidney, bone, intestine and placenta. It is also found in many cells of periodontium including neutrophils, 

osteoblasts and fibroblasts. ALP is released from polymorphonuclear neutrophils during inflammation, 

osteoblasts during bone formation and periodontal ligament fibroblasts during periodontal regeneration. 

Literature surveys have revealed the correlation of alkaline phosphatase in Gingival Crevicular Fluid with the 

severity of periodontitis(14).  

A study by Malhotra et al (15) revealed that ALP can be considered as a periodontal disease marker as 

it can differentiate between healthy and inflamed sites. Another study had shown ALP level in GCF as a 

biomarker for the pathology and also an indicator of prognosis of periodontitis (16). Sanikop et al (17) stated 

that there is a relationship between ALP level and periodontal disease. This indicates that GCF ALP can be used 

as a potential biochemical marker for the detection and progression of periodontal diseases. 

The objective of this study is to (i) compare the gingival crevicular fluid and serum alkaline 

phosphatase levels in periodontitis and gingivitis patients with healthy individuals and (ii) to compare the trace 

elements such as chromium, copper, selenium and zinc levels with alkaline phosphatase levels in gingival 

crevicular fluid and blood of periodontitis and gingivitis patients with healthy individuals. 

 

II. Materials And Methods 
This cross-sectional study was conducted from March 2013 to May 2014. Thirty six study subjects 

were recruited from the patients reporting to the Outpatient Department of Periodontics, Tagore Dental College, 

Chennai. The subjects were allowed to participate in the study if they have at least 20 teeth, excluding third 

molars. Both the sexes were allowed to participate in this study. Patients with a history of any systemic disease; 

subjects with history of intake of anti-inflammatory, antibiotics, antioxidants or multi-vitamin supplements in 

the previous six months, smokers, pregnant and lactating women were excluded. 

The study was performed according to the Declaration of Helsinki, as revised in 2000, and was 

approved by the Institutional Ethical committee (IEC), Tagore Dental College. Informed consent was obtained 

from the participants who volunteered to participate in the study after explaining to them the study protocol in 
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their regional language. 

 

Clinical examination 
All the selected individuals were subjected to a clinical examination done by a single examiner (18). 

Each individual underwent a full-mouth periodontal examination including the calculation of probing depth 

(PD), clinical attachment level (CAL) with a University of North Carolina (UNC)-15 periodontal probe (Hu-

Friedy, Inc. Chicago, Illinois (IL), USA). The oral hygiene status and gingival health were assessed by taking 

Oral hygiene index(19) –simplified, gingivitis index and plaque index (Turesky Gillmore Glickman 

modification of Quigley-Hein plaque index).(20-22). Radiographic bone loss was recorded from intra oral 

periapical radiographs by long cone technique to differentiate chronic periodontitis group from the healthy 

individuals. The diagnosis of chronic periodontitis was made as per the criteria of Swati et al (23). The 

participants were then categorized into two groups; group I (healthy) consisted of 12 subjects with clinically 

healthy periodontium, with PD < 3mm and no evidence of attachment loss and, group II (chronic periodontitis) 

consisted of 12 subjects who had signs of clinical inflammation, presence of PD >4mm in 30% of sites, clinical 

attachment loss> 1mm in 30% of sites and radiographic evidence of bone loss. 

 

Selection of GCF collection site 
Samples were collected from only one site in each subject. GCF was pooled from one or more than two 

sites without any inflammatory signs in healthy participants to get an adequate volume. In periodontitis patients, 

sites were identified using a University of North Carolina (UNC)-15 periodontal probe (Hu-Friedy, Inc. 

Chicago, Illinois (IL), USA) and the site showing highest clinical signs of inflammation and highest CAL along 

with radiographic confirmation of bone loss was selected for sampling. Supragingival plaque was removed with 

sterile cuvettes without touching the marginal gingiva. The area was isolated with cotton to avoid the 

contamination of saliva. The GCF was collected by placing the micro capillary pipettes at the gingival sulcus 

and gently touching the marginal gingiva. A standardized 5 µl volume of GCF was collected from each site 

using 1-5 µl calibrated volumetric microcapillary pipettes (Sigma –Aldrich, St.Louis , MO, USA). The sites 

from which there were no possibilities of GCF sample collection within the same time in the healthy individuals 

were excluded from the study. The micropipettes contaminated with blood and saliva were also excluded. The 

GCF collected was immediately transferred to a Eppenndorf tubes and stored at -20 
°
C till further analysis. 

 

Collection of Serum 
Venous blood samples (2 ml) were collected from the antecubital fossa by venipuncture using 20 gauge 

needle with 2ml syringes without EDTA and allowed to clot at room temperature. The samples were then 

centrifuged after one hour and the serum obtained was transferred to plastic vials and stored at -20°C until 

further analyses of alkaline phosphatase and trace elements Copper, Zinc Selenium and Chromium were done. 

 

Biochemical Analysis 
The activity of ALP in GCF and serum was performed by the method of King and Armstrong (24), using UV 

visible spectrophotometer. 

The estimation of trace elements such as Copper, Zinc, Selenium and Chromium in GCF and serum 

was done using Perkin Elmer optima 5300 Dual Viewing (DV) Inductively Coupled Plasma Optical Emission 

Spectrometer (ICPOES) (25,26) at Sophisticated Analytical Instrument Facility (SAIF), Indian Institute of 

Technology, Chennai. 

 

Statistical analysis 
The activity of alkaline phosphatase and the levels of trace elements Copper, Zinc, Selenium and 

Chromium in GCF and serum of periodontitis, gingivitis and healthy individuals were tabulated and statistically 

analysed. Data are presented as mean ± standard deviation. Mann – Whitney U test and Wilcoxon W tests were 

used. 

 

III. Results And Discussion 
Table 1 shows that the activity of ALP in both GCF and serum were found to be higher in gingivitis 

patients when compared to healthy individuals and periodontitis patients. The mean paired differences between 

chromium, copper, zinc and selenium and alkaline phosphatase levels in GCF of healthy, gingivitis and 

periodontitis patients are shown in table 2.The mean chromium ,zinc and alkaline phosphatase levels were found 

to be higher in periodontitis patientswhen compared to healthy and gingivitis individuals. Copper and selenium 

levels were found to be negligible in gingivitis patients when compared to healthy individuals and periodontitis 

patients. 

 



A Comparative Study on the Levels of Alkaline Phosphatase and Trace Elements in …. 

DOI: 10.9790/0853-1601061417                                           www.iosrjournals.org                                   16 | Page 

Table -1 Mean ALP levels in GCF and serum of Healthy, Gingivitis and Periodontitis subjects 
Samples Healthy Gingivitis Periodontitis 

GCF(IU/L) 0.021 0.050 0.003 

SERUM (IU/L) 0.006 0.012 0.004 

 

Trace elements such as chromium, copper, selenium and zinc play an important role in the functioning 

of many enzymes like superoxide dismutase, catalases, alkaline phosphatase etc (27). The levels of trace 

elements such as chromium, copper, selenium and zinc and ALP in GCF and serum of healthy individuals , 

gingivitis and periodontitis patients were estimated. 

 

Table-2 Mean Paired differences between ALP and Trace Elements levels in GCF 
Parameter Healthy ( p value) Gingivitis(pvalue) Periodontitis(pvalue) 

Chromium(µg/ml) 0.307 (0.08) 0.053(0.62) 0.337(0.05) 

Copper(µg/ml) 0.034(0.10) 0.007(0.79) 0.098(0.00) 

Selenium(µg/ml) 0.015(0.25) 0.009(0.62) 0.027(0.01) 

Zinc( µg/ml) 0.051(0.04) 0.045(0.25) 0.558(0.10) 

 

The mean GCF and serum alkaline phosphatase levels were found to be higher in gingivitis patients 

when compared to healthy individuals and periodontitis patients. This finding was similar to the study done by 

Malhotra et al (15) who reported statistically non significant increase in GCF ALP activity in gingivitis patients 

when compared to the healthy population. 

A statistically significant increment (p>0.00) in the level of serum copper and ALP was observed in 

periodontitis patients when compared to healthy individuals and gingivitis patients. 

The mean level of chromium , zinc and alkaline phosphatase were found to be higher in periodontitis 

patients when compared to healthy individuals and gingivitis patients. Evidences for chromium deficiency have 

been observed especially in individuals with some degree of glucose intolerance. Chromium is necessary for 

biosynthesis of glucose tolerance factor (28, 29). The increased mean paired difference of alkaline phosphatase 

and chromium levels observed in the present study suggests that there is a posiibility that the raised levels can 

coexist with a negative imbalance. No comparison could be carried out as there were no similar studies done so 

far. 

The levels of Copper, Selenium and ALP in GCF were found to be negligible in gingivitis patients 

when compared to healthy and periodontitis. Malhotra (15) had shown that GCF ALP activity was significantly 

increased in chronic periodontitis patients as compared to that of gingivitis patients. Research on Selenium and 

ALP activity in GCF is found to be scarce. GCF Zinc and ALP levels were found to be increased in periodontitis 

patients when compared to that of gingivitis and healthy individuals. This finding was similar to the report of 

Sanikop et al.,(17) who found an increased GCF ALP activity in gingivitis and periodontitis patients. Zinc has 

been established as an essential micro-nutrient in human health and nutrition. It is required for the functional 

activity of several enzymes including alkaline phosphatase (27). Not many studies are available on the 

association of GCF zinc and alkaline phosphatase levels . 

 

Table–3 Mean Paired differences between ALP and Trace Elements levels in Serum 
Parameter Healthy( p value) Gingivitis(pvalue) Periodontitis(pvalue) 

Chromium (µg/ml) 0.113 (0.25) _0.010(0.07) 0.173(0.08) 

Copper(µg/ml) 0.730(0.00) 0.782(0.00) 0.829(0.00) 

Selenium(µg/ml) 0.476(0.00) 0.330(0.00) 0.366(0.00) 

Zinc(µg/ml) 0.347(0.00) 0.405(0.00) 0.472(0.00) 

 

Chromium and ALP levels were found to be increased in periodontitis patients. Copper and ALP levels 

were found to be highest in all the three groups when compared to other trace elements. This is similar to the 

findings reported by Thomas B ( 30 ) who showed an increase in serum copper levels in periodontitis patients 

when compared with healthy individuals. Selenium and ALP levels were increased in healthy individuals when 

compared to that of gingivitis and periodontitis patients. 

Our study is the first study to assess the levels of chromium with ICPOES method in the gingival 

crevicular fluid in healthy individuals and periodontitis subjects and to show an increased correlation with ALP. 

More research is therefore needed with an increased sample size to prove the correlation of ALP with trace 

elements in future. 
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