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SUMMARY
Introduction/Objective Aggressive periodontitis (AP) is a progressive disease that damages the peri-
odontal tissues.
The aim of the study was the analysis of intracellular enzymes: aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), acid phosphatase (ACP) and electrolytes in the saliva 
of patients with AP and their correlation with clinical parameters before and after the therapy.
Methods The study included 30 patients with AP (experimental group) and 35 patients with healthy 
parodontium (control group). Intracellular enzymes and electrolytes were analyzed in an unstimulated 
saliva of subjects with AP, before and after the therapy and in saliva of the control group. The analysis of 
biochemical markers was carried out using kinetic methods with commercial reagents. 
Results Concentrations of the biochemical markers AST (28.18 ± 25.16), ALT (5.48 ± 5.14), ALP (31.13 ± 37.79), 
ACP (17.53 ± 14.77), calcium (2.80 ± 1.97), phosphate (4.43 ± 1.92) in the saliva of subjects of the experi-
mental group were statistically significantly higher in relation to the control group (p = 0.000; p = 0.001). 
Significant correlation was found between AST values, debris index (ρ = -0.444; p = 0.026) and calculus 
index (ρ = -0.513; p = 0.009), and between the plaque index and ALP level in the saliva after therapy 
(p = 0.020).
Conclusion The investigation will contribute to a better understanding and standardization of biomarkers 
in the saliva that mayhelp in diagnosing the AP and evaluation of the applied therapy.
Keywords: aggressive periodontitis; intracellular enzymes; saliva
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INTRODUCTION

Aggressive periodontitis (AP) is a disease fol-
lowed by rapid and severe destruction of the 
periodontal tissue. Destruction of the peri-
odontal tissue begins in the area of the first mo-
lars and incisors, and with aging it can involve 
the periodontium of adjacent teeth. It affects 
the peridontal tissue of at least three permanent 
teeth, except the first molars and incisors [1].

In the etiology of AP, virulence factors of 
microorganisms in dental biofilm play a key 
role including the presence of risk factors and 
genetic predisposition. In the periodontal le-
sions, Aggregatibacter actinomycetemcomitans 
is a major causative agent, and its role is in reg-
ulating the inflammatory response in the ag-
gressive periodontal inflammatory process [2].

The diagnosis of AP is based on patient’s 
medical history, clinical examination and ra-
diographic analysis [3]. However, all these di-
agnostic methods tell us about the disease only 
when there are clear clinical symptoms. Thus, 
in most cases, the disease has already signifi-
cantly advanced at the time of the diagnosis. 

Over the past two decades, with the progress 
of technological development, saliva has in-
creasingly been analyzed as a sample of biologi-
cal material, which might be used to establish 
diagnosis and to clarify the pathogenesis of oral 
diseases. It provides evidence and gives useful 
information on various enzymes and biomol-
ecules, the indicators of pathological processes 
in periodontal tissue [4, 5]. Literature data show 
that the concentration of intracellular enzymes 
responsible for the metabolic processes in the 
cells has been significantly increased in the 
saliva of patients suffering from periodontitis 
compared to healthy subjects [6].

The objective of this study was to analyze 
the activity of intracellular enzymes of aspar-
tate aminotransferase (AST), alanine amino-
transferase (ALT), acid phosphatase (ACP) 
and alkaline phosphatase (ALP), and calcium 
and phosphate concentrations in the saliva of 
patients with AP, before and after the therapy, 
as well as and correlation of the mentioned bio-
chemical markers with clinical indicators of the 
condition of periodontal tissues. 
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METHODS

The study included 65 subjects.The experimental group 
consisted of 30 patients suffering from AP who were com-
ing to the Clinic for Periodontology and Oral Medicine at 
the Military Medical Academy in Belgrade.The control 
group consisted of 35 subjects with the clinically healthy 
periodontium. The study excluded all persons who had 
a systemic illness, used medicines that could impair the 
condition of periodontium, consumed alcohol, as well as 
females during the pregnancy, lactation or menstrual cycle.

Clinical evaluation of the periodontal tissue condi-
tion was performed of the following parameters: gingival 
index (GI), plaque index (PI), probing depth (PD), de-
bris index (DI), calculus index (CI), bleeding index (BI). 
Measurements were performed usingthe dental mirror 
and graduated periodontal probe (Periodont Sex Cp 11). 

Patients suffering from AP underwent, a basic / causal 
therapy, such as: removal of soft deposits with brushes and 
the Vantal (Galenika) toothpaste, removal of supragingi-
val deposits (supragingival calculus) with the ultrasonic 
apparatus (Kavo, Sonicflex 2000 N, Biberach an der Riss, 
Germany), removal of subgingival deposits and treatment 
of the tooth root with special curettes (Gracey, Kohler, 
Austria). The free content of the periodontal pocket was 
removed by washing with chlorhexidine digluconate (12%). 
After clinically visible signs of inflammation reduced, a sur-
gical intervention was performed (Modified Widman flap 
surgery). Eight weeks (two months) after basic and surgical 
therapies were performed, clinical parameters were again 
measured to determine the condition of periodontal tissues. 

Determination of levels of intracellular enzymes 
and electrolytes in saliva samples

From the patients (control and experimental groups), dur-
ing the first visit, samples of mixed unstimulated saliva were 
taken using special tubes (Salivette; Sarstedt AG & Co. KG, 
Nümbrecht, Germany). Eight weeks after the basic and surgi-
cal therapy, saliva samples were taken only from the experi-
mental group.According to the protocol, saliva was taken in 
the morning hours at the same time.Centrifugation of sam-
ples lasted 10–20 minutes at 3000–5000 rpm and there after 
they were deposited at -80°C until the beginning of analysis.

The activity of enzymes in the saliva was determined 
by kinetic methods on the spectrophotometer (Secomam 
Basic, Ales, France) with commercial reagents (Human, 
Wiesbaden, Germany). Concentrations of calcium and phos-
phate in unstimulated saliva were determined by a colori-
metric method, commercial reagents (Human, Germany) 
were used. All analyses were done in the Laboratory for 
Biochemistry and Hematology at the School of Dental 
Medicine Belgrade, according to the recommendations of 
the International Federation for Clinical Chemistry, IFCC. 

Statistical analysis of data 

In order to perform necessary statistical testing, IBM SPSS 
Statistics for Windows, Version 27.0 (IBM Corp, Armonk,  

NY, USA) was used. All variables were described by mea-
sures of central tendency and measures of variability: 
mean, median, standard deviation, minimum and maxi-
mum values. 

To test the difference between subjects in the observed 
groups, the Mann–Whitney U test was used for the non-
parametric data and the t-test for independent samples for 
the parametric data. The Wilcoxon test was used to com-
pare the values of the observed clinical and biochemical 
parameters before and after the therapy. The correlation 
between clinical and biochemical parameters was exam-
ined by the Spirman’s correlation coefficient. 

The factors of difference between the subjects with 
healthy parodontium and the patients with AP disease 
were established by logistic regression analysis. Statistical 
significance was defined as p < 0.05. The study was ap-
proved by the Ethics Committee of the Faculty of Medical 
Sciences, University of Kragujevac (No. 01-4798).

RESULTS

Descriptive characteristics of the subjects 

The basic descriptive data of the subjects in the control and 
experimental groups are shown in Table 1.

Table 1. Descriptive characteristics of the subjects in the control and 
experimental groups 

Patients’ 
characteristics

Control 
group

Experimental 
group

Significance
Number  

of patients (n) 35 30

Age (X ± SD  
(Med., min.–max.))

27.06 ± 3.72
(26; 22–38)

42.30 ± 7.69
(40; 30–57) p = 0.000*

Sex
n (%)

Male 12 (34.3%) 18 (60%)
p = 0.038*

Female 23 (65.7%) 12 (40%)

Smoking
n (%)

Yes 5 (14.3%) 15 (50%)
p = 0.002*

No 30 (85.7%) 15 (50%)

*statistically significant difference (p-value < 0.05)

The control group included 35 subjects, with an aver-
age age of 27.06 ± 3.72 years. In the experimental group 
30 subjects had AP, average age was 42.30 ± 7.69 years, 18 
were males (60%) and 12 females (40%).

Intergroup analysis found that male subjects were sta-
tistically significantly more represented in the group of 
patients with AP than in the control group (p = 0.038; 
Table 1). The average number of years statistically signifi-
cantly differed between the groups, and the subjects in the 
experimental group were older than those in the control 
group (p = 0.000; Table 1). 

Analysis of clinical parameters of subjects 
diagnosed with AP before and after the therapy 

By analyzing the obtained results, a statistically significant 
correlation between the mean values of the clinical pa-
rameters of patients with AP, before and after the therapy 
(p = 0.000; Table 2) was established. 

Analysis of intracellular enzymes in the saliva of patients with aggressive periodontitis 
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Table 2. Values of clinical parameters in the group of patients with 
aggressive periodontitis before and after the therapy 

Clinical
parameters

X ± SD
(Med., min.–max.)

Aggressive periodontitis
Significance

Before therapy After therapy

GI 1.66 ± 0.65  
(2; 0.25–2.5)

0.82 ± 0.56 
(0.94; 0–1.75) ap = 0.000*

PI 1.69 ± 0.71  
(2; 0.25–2.71)

0.97 ± 0.51  
(1; 0.25–2) ap = 0.000*

BI 1.47 ± 0.66  
(1.5; 0.25–2.14)

0.66 ± 0.39  
(0.79; 0–1.2) ap = 0.000*

PD 5.05 ± 1.08  
(5; 3.8–6.95)

4.08 ± 0.98  
(4; 2.8–5.9) ap = 0.000*

DI 1.4 ± 0.61  
(1.5; 0.25–2.2)

0.59 ± 0.36  
(0.68; 0–1) ap = 0.000*

CI 0.02 ± 0.71  
(0; 0–0.25)

0.1 ± 0.14  
(0; 0–0.5) ap = 0.000*

GI – gingival index; PI – plaque index; BI – bleeding index; PD – probing depth; 
DI – debris index; CI – calculus index; 
*statistically significant difference; 
aWhilcoxon test

Two months after the therapy a statistically significant 
decrease in the value of all observed clinical parameters 
was noticed, i.e., there was an improvement of periodontal 
health.

Correlation of biochemical markers values in the 
saliva between the subjects of the control group 
and patients with aggressive periodontitis before 
and after the therapy 

The activity of intracellular enzymes in the unstimulated 
saliva of the patients with AP was different from the one 
in the control group (Table 3). 

Table 3. Values of biochemical markers in the saliva of healthy subjects 
and patients with aggressive periodontal disease before and after the 
therapy

Biochemical 
markers

Aggressive periodontitis
Significance

Before therapy After therapy

AST (U/L) 28.18 ± 25.16  
(17.59; 1–98)

26.57 ± 23.1  
(16.99; 1.74–96) ap = 0.845

ALT (U/L) 5.48 ± 5.14  
(3.8; 1–23)

5.45 ± 6.75  
(4; 1–29) ap = 0.442

ALP (U/L) 31.13 ± 37.79  
(18.36; 7.59–178)

17.61 ± 11.38  
(16.98; 3.53–61.0) ap = 0.100

Ca (mmol/L) 2.80 ± 1.97  
(2.075; 0.66–10.31)

2.98 ± 2.67  
(2.13; 0.74–15.48) ap = 0.643

P (mmol/L) 4.43 ± 1.92  
(4.31; 1.75–9.46)

3.87 ± 1.42  
(3.9; 0.17–7.04) bp = 0.158

ACP (U/L) 17.53 ± 14.77  
(14.58; 2.54–80.97)

15.44 ± 16.08  
(11.45; 1.15–87) ap = 0.309

AST – aspartate aminotransferase; ALT – alanine aminotransferase; ALP – alka-
line phosphatase; ACP – acid phosphatase; 
*statistically significant difference; 
aWhilcoxon test; 
bt-test for bound samples

AST was decreased in subjects with AP (28.18 ± 25.16 U/L) 
compared to the subjects in the control group (29.2 ± 
32.67 U/L), but without statistical significance (Figure 1). 
In contrast to AST, the ALT level in the saliva of subjects 
in the experimental group (5.48 ± 5.14 U/L) was statis-
tically significantly higher than in the saliva of subjects 

with healthy parodontium (2.40 ± 2.51 U/L) (p = 0.000; 
Table 3; Figure 2). Mean values of the activity of the en-
zymes ALP (31.13 ± 37.79 U/L), ACP (17.53 ± 14.77 U/L) 
in the saliva of subjects in the experimental group were 

Figure 1. Value of aspartate aminotransferase (AST) in saliva of control 
and experimental group before the therapy

Figure 2. Alanine aminotransferase (ALT) level in the saliva of subjects 
in the experimental group is statistically significantly higher than in 
the saliva of subjects with healthy parodontium 

Figure 3. Value of alkaline phosphatase (ALP) in saliva of control and 
experimental group before the therapy

Figure 4. Value of acid phosphatase (ACP) in saliva of control and 
experimental group before the therapy

Popović Ž. et al.
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higher compared to the subjects in the control group 
(18.31 ± 12.39 U/L, 15.62 ± 8.52 U/L), but without statis-
tically significant difference (Figures 3 and 4). The mean 
calcium concentration in the saliva of the subjects in the 
experimental group (2.80 ± 1.97) was higher compared 

to the subjects in the control group (2.25 ± 0.69) (Figure 
5). Unlike calcium, the mean concentration of phosphate 
in the experimental group (4.43 ± 1.92) was statistically 
significantly higher than in the control group (3.87 ± 1.31) 
(p = 0.001; Table 3; Figure 6).

Eight weeks after the basic and surgical therapy, the 
activity of the enzymes (AST, ALT, ALP, ACP) in the saliva 
of the subjects with AP was reduced but without statistical 
significance (Table 3).

Correlation of clinical parameter values and 
biochemical markers in patients with aggressive 
periodontitis before the therapy 

Analyzing the interconnection, no statistical correlation 
was found between the values of GI, PD, PI, BI and the val-
ues of the analyzed markers (AST, ALT, ALP, ACP, Ca, P) in 
the saliva of subjects with AP, before the therapy (Table 4).

However, the Spirman correlation test showed a statisti-
cally significant correlation between the AST values in the 
saliva and DI values (q = - 0.444; p = 0.026) and CI values 
(ρ = -0.513; p = 0.009). The coefficient of correlation shows 
that with the increase in the values of CI and DI, there is 
a decrease in AST values in the saliva of patients with AP 
before the therapy (Table 4).

Correlation of the values of clinical parameters and 
biochemical markers in patients with aggressive 
periodontitis 

No statistically significant relationship was found between 
the values of clinical and biochemical parameters, in the 
saliva of the experimental group after the therapy. Unlike 

these data, a statistically significant corre-
lation was observed between the PI value 
and the ALP level in the saliva (p = 0.020; 
Table 5). By the univariate regression analy-
sis, the ALT has been found as statistically 
significant, thereforethe elevated values of 
this enzyme are always present in patients 
with AP.

DISCUSSION

In patients with AP, the condition of peri-
odontal tissues before and after the therapy 
was analyzed, based on the values of clinical 
parameters and the presence of biochemical 
markers in the saliva.

During the periodontal infection, various 
enzymes from stromal, epithelial and in-
flammatory cells are released into the saliva, 
gingival fluid and blood [7, 8]. Chambers et 
al. [9] published the first study that indicat-
ed an increase in the AST levels in gingival 
fluid in dogs during the experimental peri-
odontitis. Since that time, many research-
ers have found that the AST activity in the 

Table 4. Correlation of the values of clinical parameters and biochemical markers in the 
saliva of subjects with aggressive periodontitis before the therapy

Biochemical 
markers

Gingival
index

Plaque 
index

Bleeding 
index

Probing
depth

Debris 
index

Calculus 
index

AST ρ = -0.326 ρ = -0.236 ρ = -0.280 ρ = 0.076 ρ = -0.444* ρ = -0.513*
ALT ρ = 0.023 ρ = -0.063 ρ = -0.071 ρ = 0.147 ρ = -0.024 ρ = -0.063
ALP ρ = -0.167 ρ = -0.035 ρ = -0.043 ρ = 0.140 ρ = -0.112 ρ = -0.069
Ca ρ = -0.143 ρ = 0.010 ρ = -0.069 ρ = 0.167 ρ = -0.109 ρ = -0.080
P ρ = -0.285 ρ = -0.029 ρ = -0.147 ρ = -0.002 ρ = -0.248 ρ = -0.238
ACP ρ = -0.205 ρ = 0.086 ρ = -0.094 ρ = 0.110 ρ = -0.178 ρ = -0.156

ALT – alanine aminotransferase; ALP – alkaline phosphatase; ACP – acid phosphatase;  
ρ – Spirman’s coefficient of correlation; AST – aspartate aminotransferase; 
*statistically significant linkage

Table 5. Correlation of the values of clinical parameters and biochemical markers in the 
saliva of patients with aggressive periodontitis after therapy

Biochemical 
markers

Gingival 
index

Plaque 
index

Bleeding 
index

Probing 
depth

Debris 
index

Calculus 
index

AST ρ = -0.010 ρ = 0.078 ρ = 0.057 ρ = 0.309 p = 0.238 p = 0.165
ALT ρ = -0.118 ρ = 0.089 ρ = 0.080 ρ = -0.125 p = 0.097 p = 0.185
ALP ρ = 0.394 ρ = 0.463* ρ = 0.327 ρ = 0.018 p = -0.180 p = 0.058
Ca ρ = 0.204 ρ = 0.293 ρ = 0.043 ρ = 0.094 p = 0.238 p = 0.123
P ρ = 0.086 ρ = -0.062 ρ = -0.053 ρ = 0.158 p = -0.259 ρ = 0.024
ACP ρ = -0.062 ρ = 0.166 ρ = -0.027 ρ = 0.247 p = -0.157 p = 0.196

ρ – Spirman's coefficient of correlation; AST – aspartate aminotransferase;  
ALT – alanine aminotransferase; ALP – alkaline phosphatase; ACP – acid phosphatase; 
*statistically significant linkage

Figure 5. Concentration of calcium in saliva of control and experimen-
tal group before the therapy

Figure 6. The concentration of phosphate in the experimental group 
was statistically significantly higher than in the control group

Analysis of intracellular enzymes in the saliva of patients with aggressive periodontitis 
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saliva is proportionate to the degree of tissue damage dur-
ing the chronic periodontitis [10, 11] and gingivitis [12]. 
Due to the pathological process in periodontal tissues, the 
integrity of the cells is impaired, the permeability of their 
membranes is disturbed, and thus the AST is increasingly 
released from the cytoplasm into the saliva. Also, the AST 
values in the saliva [13] and gingival fluid [14] were in 
correlation with the values of the Community Periodontal 
Index of Treatment Needs. Our study has not proved that 
there is a correlation between the values of clinical param-
eters and the AST activity in the saliva. 

In patients with chronic periodontitis, three months 
[11] or one month [12], after the basic therapy, there was 
a decrease in the AST levels in the saliva. Similar results 
were obtained in the gingival fluid [14]. Results of this 
study indicate that the mean value of the AST activity in the 
saliva of patients with AP was reduced two months after the 
basic and surgical therapy. Some authors believe that the 
decrease in AST activity in the saliva after the periodontal 
therapy, is a consequence of periodontal tissue reparation 
[8, 15]. In our study, in patients with AP, the mean PD was 
5.05 ± 1.08, but there was a PD decrease (4.08 ± 0.98), after 
the basic and surgical therapy. This decrease in the PD 
was followed by a decrease in the AST levels in the saliva, 
but without statistical significance. After the mechanical 
therapy, in subjects with the chronic periodontal disease 
the decrease in AST activity was in correlation with the 
GI values and depth of the periodontal pocket [11]. The 
reduced GI value and AST levels indicate that the gingival 
health has improved [16]. In contrast to these studies, the 
AST level in the gingival fluid [17] and saliva [18] was not 
in correlation with the GI and PI values. Similar results 
have been obtained in our research. However, we have 
observed a statistical correlation between the increase in 
the DI and CI values and the decrease in the AST activity. 
The reason is in that the dental deposits are a predisposing 
factor which can lead to the development of gingivitis and 
periodontal disease.

Unlike the AST, the mean value of ALT (5.48 ± 5.14 U/L) 
in the saliva of experimental group was statistically signifi-
cantly higher than in the control group (2.40 ± 2.51 U/L) 
(p = 0.000). By univariate analysis, it was found that the ele-
vated ALT levels in the saliva are always present in subjects 
suffering from AP. In addition, this enzyme can be an in-
dicator of the damage degree to the gingival tissuebecause 
the GI values were increasing linearly with increasing ALT 
levels in the saliva [10]. Also, in patients with chronic peri-
odontitis and gingivitis, a correlation was found between 
the ALT level and the values of the depth of periodontal 
pocket, the level of clinical attachment and the number of 
periodontal-pathogenic bacteria in the saliva [15]. Data 
of this study indicate that there is no statistical correla-
tion between the ALT levels and clinical parameter values. 
After applying the conventional therapy, in patients with 
chronic periodontitis, the level of ALT in the saliva [10] 
was significantly reduced. This is in line with our results. 
For the stabilization of periodontal tissue in patients with 
AP, it is necessary to apply the mechanical/surgical and 
antimicrobial treatment over a longer period [19]. Thus, 

the appropriate periodontal therapy for AP significantly 
changes the condition of the supporting structure of teeth, 
resulting in the level of ALT in the saliva. The authors 
consider that intracellular enzymes, especially the ALT, 
can serve as biochemical markers of acute damage of soft 
periodontal tissue during AP.

The ALP is an enzyme that catalyses the hydrolysis of 
the monophosphate ester bond in the alkaline environ-
ment. Its increased presence in the saliva reflects changes 
during the inflammation and destruction of periodontal 
tissue [20]. In the localized and generalized form of AP, 
a positive correlation between the pathological changes 
in periodontal tissues and the ALP concentration in the 
gingival fluid was demonstrated [21]. In our study, statisti-
cally significantly higher ALP values were measured in the 
group of subjects with AP compared to those with a healthy 
periodontium. Also, compared to healthy subjects, the level 
of ALP in the saliva and gingival fluid was increased in pa-
tients with chronic periodontitis [22, 23, 24]. The authors 
believe that, due to the tissue inflammation, there was an 
accumulation of polymorphonuclear leukocytes (PMN) 
that release the ALP into oral fluids [24]. Another study 
demonstrated a greater ALP activity in the gingival fluid in 
cases of chronic periodontitis, compared to patients with 
AP [24]. This is probably due to an impaired PMN func-
tion in patients with AP. In line with the intensity of the 
pathological process in periodontal tissue, the release of 
ALP also correlated. In patients with chronic periodontitis, 
the GI values and the depth of the periodontal pocket were 
statistically correlated with the level of ALP in the saliva 
and gingival fluid [10, 25]. The authors believe that the 
ALP enzyme can be a predictor of progression of periodon-
tal diseases. In our investigation, no statistical correlation 
was found between the values of clinical parameters and 
the ALP concentration in the saliva. 

After the basic and surgical therapy, the mean values of 
the ALP concentrations in the saliva of patients with AP 
(17.61 ± 11.38) were lower than the mean value of concen-
tration (31.13 ± 37.79) before the therapy. Similar results 
were obtained in the gingival fluid in subjects with AP 
and patients with chronic periodontitis, after nonsurgical 
treatment [24, 26]. The authors believe that the reduction 
in ALP levels in the saliva can be a useful biomarker to 
monitor the effectiveness of the applied therapy.

In this study, the ACP as an important marker of re-
modelling the bone tissue was analyzed in saliva. The mean 
value of the ACP enzyme activity (17.53 ± 14.77 U/L) in the 
saliva samples of AP subjects was higher than the mean val-
ue in the control group (15.62 ± 8.52 U/L). Similar results 
were obtained in subjects with chronic periodontitis [10]. 
As periodontal disease is progressing, destructive processes 
develop in the alveolar bone, and ACP is released as a result 
of an increased osteoclastic activity [22]. Our results show 
that the ACP activity in the saliva of patients with AP was 
reduced, two months after the basic and surgical therapy, 
but without a statistical correlation. Reduction of the ACP 
levels in the saliva after the conventional periodontal ther-
apy with a statistically significant correlation was observed 
in subjects with chronic periodontitis [10, 22].

Popović Ž. et al.
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Changes in the macro and trace element composition of 
saliva might be indicative for pathological changes in peri-
odontal tissues [27]. Based on literature data, increased 
concentrations of calcium and phosphate in the saliva are 
the risk factors for the development of periodontitis [28]. 
Various studies have shown an increased concentration 
of calcium in the saliva of patients with chronic peri-
odontitis compared to the group of subjects with healthy 
periodontium [27]. Also, our results demonstrate an in-
creased calcium concentration in the saliva of subjects 
with AP, which is in agreement with other studies [27, 29]. 
Unlike the calcium concentration, a statistically higher 
phosphate concentration in the saliva of subjects with AP 
(4.43 ± 1.92) was observed compared to the subjects in 
the control group (3.87 ± 1.31). It has been proven that 
with the progression of periodontal disease, the levels of 
calcium and phosphate in the saliva are correlated with 
the values of clinical parameters (PI and GI) [29]. This 
is contrary to our results because the calcium and phos-
phate levels in the saliva were not in the statistical cor-
relation with clinical parameters of the subjects with AP. 
Increasing the concentration of electrolytes in the saliva 
leads to mineralization of the dental plaque (tooth stones), 

which makes it difficult to clean, especially in the area of 
periodontal sulcus.

CONCLUSION

Based on the obtained results, it can be concluded that the 
increased level of intracellular enzymes (AST, ALP, ALT, 
ACP) in the saliva of patients with AP is aconsequence of 
release from damaged cells and / or metabolic changes in 
periodontal tissues. After the basic and surgical therapy, the 
values of these enzymes were reduced, and thus they can 
be used to evaluate the effectiveness of the applied therapy.
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САЖЕТАК
Увод/Циљ Агресивна пародонтопатија (AП) је прогресивно 
обољење које доводи до оштећења пародонталних ткива. 
Циљ истраживања био је анализа интраћелијских ензима 
аспартат-аминотрансферазe, аланин-аминотрансферазe, 
алкалнe фосфатазe, киселe фосфатазe и електролита (кал-
цијума, фосфата) у пљувачки испитаника са АП и њихова ко-
релација са клиничким параметрима, пре и после терапије.
Методе рада У студију је укључено 30 пацијената са АП 
(експериментална група) и 35 испитаника са здравим па-
родонцијумом (контролна група). Интраћелијски ензими 
(аспартат-аминотрансферазe, аланин-аминотрансферазe, 
алкалнe фосфатазe, киселe фосфатазe) и електролити (кал-
цијум, фосфати) анализирани су у нестимулисаној пљувачки 
испитаника са АП, пре и после терапије (базичне и хирур- 
шке) и у узорцима пљувачке испитаника контролне групе. 
Анализа биохемијских маркера је вршена кинетичким ме-
тодама, помоћу комерцијалних реагенаса.
Резултати Концентрације биохемијских маркера аспартат-
аминотрансферазe (28,18 ± 25,16), аланин-аминотрансфе-

разe (5,48 ± 5,14), алкалнe фосфатазe (31,13 ± 37,79), киселe 
фосфатазe (17,53 ± 14,77), калцијума (2,80 ± 1,97), фосфата 
(4,43 ± 1,92) у пљувачки испитаника експерименталне групе 
биле су статистички значајно веће у односу на контролну 
групу (p = 0,000; p = 0,001). Вредности клиничких параме-
тара су биле статистички значајно ниже након спроведене 
пародонталне терапије (p = 0,000). Спирмановим тестом 
уочена је статистичка корелација између вредности аспар-
тат-аминотрансферазe и вредности индекса меких наслага 
(ρ = -0,444; p = 0,026) и индекса чврстих наслага (ρ = -0,513; 
p = 0,009). Након терапије је постојала корелација између 
вредности плак индекса и нивоа алкалнe фосфатазe у пљу-
вачки (p = 0,020).
Закључак Спроведено истраживање допринеће бољем 
разумевању и стандардизацији биомаркера у пљувачки који 
би помогли у дијагностиковању и праћењу спроведене та-
рапије код оболелих од АП. 

Кључне речи: aгресивна пародонтопатија; интраћелијски 
eнзими; пљувачка

Анализа биохемијских маркера у пљувачки и корелација са клиничким 
параметрима код оболелих од агресивне пародонтопатије, пре и после 
терапије
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