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ABSTRACT
Aim: The current study aimed at analyzing the effect of non-surgical periodontal treatment 
accompanied by systemic antibiotics on salivary enzyme activities, periodontal parameters, 
and glycemic control in type−2 diabetic (T2D) patients with chronic periodontitis.
Methods: The study included 125 type−2 diabetic patients with chronic periodontitis who 
had good glycemic control (T2Dc), 125 type−2 diabetics who had bad glycemic control 
(T2Dpc). The 125 T2Dpc were divided randomly into two groups. The first one enrolled 63 
T2Dpc and received a non-surgical periodontal treatment (T2Dpc + NST). The second group 
enrolled 62 T2Dpc and received the non-surgical treatment accompanied by systemic anti-
biotics (T2Dpc+NST+A). HbA1c, periodontal indices, and salivary enzyme activities were 
assessed for all groups. The Glycated hemoglobin (HbA1c) was assessed. The Salivary alkaline 
phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransaminase (ALT), lac-
tate dehydrogenase (LDH), and creatine kinase (CK) activities were measured.
Results: The T2Dpc were characterized by the highest probing depth (PPD) and clinical 
attachment loss (CAL) periodontal scores, as well as ALP, AST, and ALT enzymatic activities. 
However, BOP did not differ significantly between T2Dc and T2Dpc. Whereas the rest of 
clinical parameters PI, GI, and OHI-S did not significantly differ between groups. The Pearson’s 
analysis revealed three correlations between ALP-PPD, ALP-CAL, and ALP-BOP (bleeding on 
probing) in both T2Dc and T2Dpc (P < 0.05). Interestingly, a significant decrease in period-
ontal indices, salivary enzyme activities, and HbA1c was recorded in T2Dpc+NST+A group.
Conclusion: The increase in ALP, AST, and ALT activities reflects the impact of uncontrolled 
T2D on periodontal tissue alteration. The ALP activity increase was associated with the 
severity of periodontal status in diabetic patients. In comparison to non-surgical treatment 
alone, the adjunct use of systemic antibiotics improves periodontal state, enzyme activity, 
and glycemic control.
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1. Introduction

Type 2 diabetes (T2D) prevalence is still in perpetual 
worldwide increase. This burden is estimated at 15.1% 
in Tunisia [1]. T2D is a chronic metabolic disease caused 
by insulin resistance, which progressively leads to an 
insulin absolute deficit in case of beta cell destruction 
[2]. The persistence of hyperglycemia leads to the for-
mation of advanced glycation end products generating 
several systemic as well as oral complications. The latter 
include salivary gland dysfunction through basement 
membrane alteration and autonomic neuropathy [3,4]. 
Saliva is the main fluid of the oral cavity. It contains 
electrolytes, proteins, enzymes, and molecules derived 
from blood. In T2D, alteration in saliva composition 
predispose to several diseases such as xerostomia, den-
tal caries, and periodontal diseases.

Periodontal diseases are generated by dysbiosis in 
the oral microflora promoting the colonization of 
Gram-negative bacteria in periodontal pockets [5]. 
The injury of damaged tissues is often accompanied 
by a release of intracellular enzymes from host cells to 
the gingival crevicular fluid including alkaline phos-
phatase (ALP), aspartate aminotransferase (AST), ala-
nine aminotransaminase (ALT), lactate dehydrogenase 
(LDH), and creatine kinase (CK) [6–8].

Periodontal therapies based on surgical and non- 
surgical come in a wide range of modalities. These 
protocols show varying efficacy depending on the 
administered dosage and combination of systemic 
antimicrobials. Subjects with metabolic syndrome 
may have a higher risk of acquiring cardiovascular 
disease if they have periodontal disease (PD) and
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concentric left ventricular remodeling, a marker of 
cardiovascular events, may be linked to periodontitis. 
The shape of the left ventricle may change in patients 
who have periodontitis. These results highlight the 
significance of periodontitis prevention, diagnosis, 
and management [9].

In literature, both periodontitis and TD2 are two 
chronic related diseases. Thus, it is of interest to assess 
the impact of glycemic imbalance on salivary enzyme 
activities and to find a reliable salivary enzyme biomar-
ker for the periodontal disease monitoring. The current 
literature studied more sensitive inflammatory indica-
tors to confirm tissue loss as well as the possibility for 
tissue regeneration and recovery. The geographic area 
where the study was carried out, which, in our opinion, 
the reader of this particular community demographic 
has to know. Furthermore, in order to identify more 
effective periodontal therapies for diabetics, in this con-
text, the present study aimed to look first into the effects 
of glycemic imbalance on salivary enzyme activities and 
periodontal parameters. The second objective was to 
explore whether these parameters are linked and 
which one is the most relevant biomarker for disease 
monitoring. The third goal was to evaluate the effect of 
non-surgical treatment accompanied by systemic anti-
biotics on salivary enzyme activities, periodontal indices, 
and glycemic control (HbA1c) in T2D patients with 
chronic periodontitis (T2Dpc).

2. Materials and methods

2.1. Study design and setting

The present study is a single-center cross-sectional 
study involving 125 adequately glycemic controlled 
type 2 diabetic patients (HbA1c ≤ 7%) with chronic per-
iodontitis (T2Dc), 125 poorly glycemic controlled type 2 

diabetic patients (HbA1c > 7%) with chronic periodonti-
tis (T2Dpc), and 125 periodontally healthy controls with-
out T2D recruited from Sahloul Hospital of Sousse, 
Tunisia (Figure 1). The research was carried out at the 
Dental Medicine Department from March 2019 to 
February 2020 over the course of a year. The data was 
obtained in accordance with the STROBE principles 
using hospital medical records [10].

3. Ethical statement

The Ethics Committee approved the study’s methods 
in accordance with the Helsinki Declaration (IRB 
00008931). Before being included in the study, each 
participant completed a written informed consent. 
The following inclusion criteria had to be met: adults 
aged from 35 to 70 years able to provide informed 
consent, and a willingness to cooperate with the 
study protocol.

4. Study population

The exclusion criteria were complete edentulism, 
pregnancy or breastfeeding, smoking, alcoholism; 
antimicrobial, anti-inflammatory, and periodontal 
therapies 3 months prior to the study; allergy to 
metronidazole and amoxicillin, and evidence for sys-
temic illnesses deemed a risk factor for periodontitis 
such as rheumatoid arthritis, osteoporosis, and meta-
bolic syndrome.

5. Sample size calculation

Based on the prevalence of type 2 diabetes in Tunisia 
(15.1%) [1], the sample size was estimated using the 
conventional formula [10]. n = (z)2 p(1-p)/d2, where

Figure 1. Flowchart showing distribution of the study population : T2Dc(controlled type 2 diabetes with chronic periodontitis), 
T2Dpc (poorly controlled type 2 diabetes with chronic periodontitis), HbA1c (glycated hemoglobin), NST (non-surgical treatment 
(scaling+ root planning)), A: antibiotics (amoxicillin and metronidazole).
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n= sample size, z = 1.96 for a 95% confidence level, p= 
disease prevalence in a specific demographic, and d = 
tolerable margin of error (d = 0.05).

6. Grouping

The 125 T2Dpc were randomly divided into two sub-
groups using a simple randomization method with 2 
arms study trial. The sequence of random numbers is 
generated by a computer using a 1:1 allocation (63 
receiving the first protocols vs. 62 receiving 
the second one; Figure 1).

7. Protocol of the intervention

The first therapeutic protocol involved a non-surgical 
periodontal treatment (NST) during two consecutive 
days. The study group’s non-surgical management 
included instructions for good dental hygiene, full 
mouth subgingival and supragingival scaling, and 
root planning carried out in two quadrants while 
under local anesthetic with manual and ultrasonic 
equipment. Patients subjected to this treatment 
were designated as T2Dpc + NST.

The second therapeutic protocol comprised of NST 
accompanied by a combination of systemic antibiotics 
consisting of 500 mg amoxicillin and 500 mg metroni-
dazole (NST+A) taken twice daily for 7 days consecu-
tively. Patients were instructed to take the first dose of 
the antibiotics in the morning of the first day of NST. 
Patients subjected to this second treatment were 
designated as T2Dpc+NST+A.

8. Oral periodontal examination

The periodontal examination was carried out in accor-
dance with the guidelines published by the American 
Academy of Periodontology and the European 
Federation of Periodontology at the 2017 World 
Workshop on the Classification of Periodontal and Peri- 
Implant Diseases and Conditions [10,11]. Six sites per 
tooth (mesiobuccal, mediobuccal, disto-buccal, disto- 
lingual, medio-lingual, and mesio-lingual), excluding 
the third molars, were subjected to the complete 
mouth clinical evaluations. The same periodontist mea-
sured periodontal indices such as periodontal probing 
depth (PPD), clinical attachment loss (CAL), percentage 
of bleeding on probing (BOP%), O’Leary plaque index 
(PI), Löe and Silness gingival index (GI), and the simpli-
fied oral hygiene index (OHI-S) of Greene and Vermillion 
using a William’s graduated periodontal probe. All 
T2Dpc were subjected to a second oral examination 
after 1 month since receiving the treatments.

9. Study investigations

9.1. Saliva collection

All participants were instructed to refrain from eating or 
drinking as well as from tooth brushing at least 3 hours 
before the sampling. Subjects were asked to rinse their 
mouth with water for 30 seconds to remove any debris. 
After that, the unstimulated saliva was allowed to accu-
mulate on the floor of the mouth and the subjects spit 
it out into the test tube every 60 seconds for 5 min [12]. 
The collected salivary specimens were subjected to 
centrifugation at 5000 rpm for 10 min at 4°C to reduce 
salivary debris and viscosity. The type of saliva selection 
was unstimulated. For T2Dpc, a second saliva collection 
was performed after 1 month since receiving the treat-
ments. Samples were immediately put on ice and then 
transferred to the laboratory. After sampling, aliquots 
were prepared, and the samples were frozen at−80 
C until an analysis was carried out [13].

10. Assessment of salivary enzyme activities

Enzyme activities were estimated in triplicate using 
the Beckman Coulter AU680 (Beckman-Coulter, USA) 
autoanalyzer in the Biochemistry Laboratory. The ALP 
activity was determined by a kinetic color test. 
Whereas AST, ALT, CK, and LDH were measured by 
kinetic UV tests where the centrifugation has no effect 
on salivary enzymes. For T2Dpc, a second assessment 
of salivary enzyme activities was performed after 1  
month since receiving the treatments.

11. Glycated hemoglobin (HbA1c) measure

Blood samples were collected in ethylenediaminete-
traacetic acid-containing tubes (EDTA) on the 
same day just before the oral examination and the 
saliva analysis. The fully automated high-performance 
liquid chromatography (HPLC) variant II analyzer 
(BioRad, USA) was used for the HbA1c measure. The 
HbA1c criterion smaller than or equal to 7% was used 
to determine the T2D control.

For T2Dpc, a second HbA1c measurement was per-
formed after 1 month since receiving the treatments. 
Furthermore, follow-up visits for continuous evalua-
tion of the patients were scheduled

12. Statistical analysis

SPSS 20.0 was used to conduct the statistical tests. 
The distribution of the collected data was normal and 
so the two-way analysis of variance (ANOVA) and 
Student’s t-test were used to compare quantitative 
parameters. They were given as mean standard devia-
tion. To assess which group comparisons differed
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significantly, the Tamhane’s T2 Post-Hoc Test was 
used because the groups were unequal. The 
Pearson’s correlation coefficient was used to evaluate 
the relationships between salivary enzyme activity 
and periodontal markers. The p-values below p <  
0.05 have been statistically significant.

The AST blood test is used to measure the level of 
the enzyme AST in the blood, which is found in high 
levels in the liver, heart, and muscles. The kinetic UV 
test for AST, ALT, CK, and LDH is performed by using 
an enzymatic kinetic UV rate method. For example, 
the aspartate aminotransferase activity is measured 
by an enzymatic kinetic UV rate method at 340 nm. 
In this reaction, aspartate aminotransferase catalyzes 
the reversible transamination of L-aspartate and α- 
ketoglutarate to oxaloacetate and L-glutamate.

13. Results

The present study enrolled 125 healthy controls, 125 
T2Dc, and 125 T2Dpc. For T2Dpc, periodontal indices, 
salivary enzyme activities, and HbA1c were assessed 
twice before and after 1 month of treatment. The 
comparison of periodontal status revealed that 
T2Dpc exhibited significantly the highest scores of 
PPD and CAL (P < 0.05, Table 1). However, BOP did 
not differ significantly between T2Dc and T2Dpc. 
Whereas the rest of clinical parameters PI, GI, and 
OHI-S did not significantly differ between groups. 
Concerning the comparison of salivary enzyme activ-
ities, T2Dpc presented the highest ALP, AST, and ALT 
activities (P < 0.05). However, CK and LDH activities 
did not significantly differ between the groups.

Correlations relating periodontal indices to salivary 
enzyme activities in the study population are summar-
ized in Table 2. The Spearman’s analysis demonstrated 
the presence of three significant correlations between 
ALP activity and three periodontal indices: PPD (P =  

0.002, r = 0.587; Figure 2a), CAL (P = 0.019, r = 0.640; 
Figure 3a) and BOP (P = 0.030, r = 0.354; Figure 4a) in 
T2Dc (Table 2). The same three correlations were 
more pronounced in T2Dpc as described, ALP-PPD 
(P < 0.001, r = 0.726; Figure 2b), ALP-CAL (P < 0.001, r  
= 0.830; Figure 3b), and ALP-BOP (P = 0.020, r = 0.492; 
Figure 4b).

Compared to baseline, the first therapeutic proto-
col consisting in the non-surgical treatment, induced 
a non-significant decrease in periodontal indices, sali-
vary enzyme activities, and HbA1c in T2Dpc+NST 
(Table 3). Whereas, the non-surgical treatment accom-
panied by antibiotics reduced significantly the period-
ontal indices, salivary enzyme activities, and HbA1c in 
T2Dpc+NST+A. Furthermore, the pairwise comparison 
between T2Dpc+NST and T2Dpc+NST+A showed 
a significant decrease in periodontal indices, salivary 
enzyme activities, and HbA1c following the antibiotic 
therapy (P < 0.05).

14. Discussion

The present study was mainly conducted to show the 
impact of glycemic imbalance on periodontal indices, 
on salivary enzyme activities as well as to explore 
whether these parameters are linked. The investiga-
tion also intended to find the most sensitive salivary 
enzyme for the disease monitoring. Furthermore, the 
present work sought to compare the outcome of two 
curative protocols on salivary enzyme activities, peri-
odontal indices, and HbA1c balance in T2Dpc with 
chronic periodontitis.

In this study, T2Dpc exhibited the most severe 
periodontal status depicted by high PPD, CAL, and 
BOP scores. This was in accordance with the reported 
negative impact of inappropriate glycemic control on 
diabetes promoting oral complications [11].

Table 1. Glycated hemoglobin, periodontal scores, and salivary enzyme activities of the study population.
Parameters 
(mean ± SD)

Controls 
(n = 125)

T2Dc 
(n = 125) T2Dpc p-value

HbA1c (%) 4.83 ± 0.43 7.21 ± 0.61 8.10 ± 0.88
Periodontal scores 

PPD (mm) 
CAL (mm) 
BOP (%) 
PI (%) 
GI 
OHI-S 

Salivary enzymes 
ALP (U/L) 
AST (U/L) 
ALT (U/L) 
LDH (U/L) 
CK (U/L)

2.24 ± 0.46 
0.82 ± 0.68 
9.16 ± 3.14 
31.26 ± 15.03 
0.78 ± 0.41 
1.26 ± 0.24 
10.34 ± 2.23 
9.41 ± 1.69 
8.93 ± 2.46 
91.23 ± 12.19 
7.84 ± 1.41

4.61 ± 0.59 b 

4.57 ± 0.77b 

46.75 ± 23.61b 

37.79 ± 15.65 
1.32 ± 0.52 
1.81 ± 0.47 
29.04 ± 8.31b 

20.36 ± 6.79b 

19.27 ± 3.21b 

93.56 ± 12.67 
9.74 ± 1.56

6.22 ± 0.67a,b 

5.69 ± 0.86a,b 

50.39 ± 24.78b 

41.45 ± 15.99 
1.72 ± 0.62 
2.22 ± 0.66 
40.31 ± 9.31a,b 

31.42 ± 7.09a,b 

30.27 ± 3.51a,b 

95.49 ± 12.93 
11.84 ± 2.75

<0.001 
<0.001 

0.014 
0.060 
0.072 
0.101 

<0.001 
<0.001 
<0.001 

0.106 
0.069

Note: SD: standard deviation; T2c: controlled type 2 diabetes with chronic periodontitis; T2pc: poorly controlled type 2 diabetes 
with chronic periodontitis; HbA1c: glycated hemoglobin; PPD: periodontal probing depth; CAL: clinical attachment loss; BOP: 
bleeding index; PI: plaque index; GI: gingival index; OHI-S: simplified oral hygiene index; ALP: alkaline phosphatase; AST: 
aspartate transaminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; CK: creatine kinase. 

a: p < 0,05 compared to T2Dc (The Tamhane’s T2 Post-Hoc analysis); b: p < 0,05 compared to controls (The Tamhane’s T2 Post- 
Hoc analysis). 
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Both T2Dc and T2Dpc had higher activities of salivary 
ALP, AST, and ALT, whereas CK and LDH activities did 
not significantly differ compared to controls. These find-
ings are in accordance with those of an early study [14]. 
Besides, previous studies reported high ALP activity in 
T2D patients with periodontitis [15,16], in T2D with 
dental caries in uncontrolled Type 1 diabetic children 
with periodontitis [17] and also with dental caries [18], in 
non-diabetic subjects with different periodontal condi-
tions [19,20]. Moreover, AST and ALT high activities were 

reported in patients affected by periodontitis with 
[14,15] or without type 2 diabetes [20]. In contrast to 
our findings, AST activity difference did not reach 
a significant limit in T2D patients but was significant in 
Type 1diabetics versus controls.

In disagreement with our findings, LDH activity was 
increased in T2D patients with periodontitis [6,17]. CK 
activity was also increased in T2D patients with peri-
odontitis [15], and in non-diabetic subjects with 
chronic periodontitis [21,22].

Figure 2. Correlation between ALP (alkaline phosphatase) activity and PPD (periodontal probing depth) in T2Dc (a) and in 
T2Dpc (b).

Figure 3. Correlation between ALP (alkaline phosphatase) activity and CAL (clinical attachment loss) in (a) T2Dc and in (b) 
T2Dpc.

Figure 4. Correlation between ALP (alkaline phosphatase) activity and BOP (bleeding index) in (a) T2Dc and in (b) T2Dpc.
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According to published research, diabetes neuro-
pathy damages the parenchyma of the salivary 
glands, causing an aberrant basement membrane per-
meability. Therefore, an enhancement of salivary 
enzyme leakage into extracellular fluid arises progres-
sively from locally destructed periodontal tissues by 
cytolysis or gingival bleeding [6,23]. Currently, the 
increase in AST and ALT activities particularly in 
T2Dpc could be considered as markers of salivary 
gland dysfunction and soft tissue inflammation.

The ALP enzyme is a calcium and phosphate mem-
brane-bound glycoprotein also described as 
a phosphor-hydrolytic enzyme produced by several 
cells like polymorphonuclear leukocytes, osteoblasts, 
macrophages, and fibroblasts. ALP is also involved in 
the calcification process [24,25] and is mostly impli-
cated in the normal turnover of the periodontal liga-
ment, of the root cementum, and in adequate 
periodontal bone metabolism [17]. However, high 
ALP activity is considered as an indicator of its pro-
gressive increased leakage from damaged hard peri-
odontal tissue after destructive process in the alveolar 
bone marking the advanced stages of periodontal 
disease [26]. Many oral enzymes are of bacterial ori-
gin; therefore, the destructive effect on periodontium 
might not be solely due to host enzymes. The 
increase in the mean level of ALP can be due to tissue 
alteration because of host-parasite reaction. During 
the progression of the disease, enzymes are released 
from dead and dying cells of the periodontium, poly-
morphonuclear leukocytes, inflammatory, epithelial, 
and connective tissue cells of the affected sites. Patel 
et al. (2016) revealed that study of salivary ALP levels 
were significantly raised in chronic periodontitis sub-
jects as compared to gingivitis and healthy sub-
jects [26].

In the present study, the Pearson’s analysis 
revealed significant positive correlations between 
ALP activity and periodontal parameters such as 

PPD, CAL, and BOP in T2D patients. Interestingly, the 
correlation was stronger in T2Dpc than in T2Dc. This 
result emphasizes prior findings showing the pre-
sence of a metabolic link between ALP activity and 
hard tissue destruction. According to the literature, 
two pathogenic processes have been elucidated in 
T2Dpc. First, prolonged hyperglycemia leads to an 
increase in glucose concentration in the gingival cre-
vicular fluid shifting periodontal pockets to 
a competitive environment for virulent periodontal 
pathogens multiplication as Aggregatibacter 
Actinomycetemcomitans.29 Indeed, bacterial endotox-
ins boost the cascade of inflammatory responses lead-
ing to an apical migration of the junctional 
epithelium, to a collagen destruction, and to an alveo-
lar bone loss. Hence, the intracellular ALP release from 
the damaged periodontal cells to the extracellular 
fluid is installed [27].

Second, advanced glycation end-products contri-
bute to periodontal osteoclastogenesis through the 
activation of collagenases, hydrolases, and matrix 
metalloproteinases [28,29]. Taking together, the ALP 
activity could be considered as a reliable specific 
inflammatory biomarker of the hard tissue 
destruction.

Referring to the literature, correlations were also 
found between the AST activity and CAL in both 
T2Dc and T2Dpc, whereas the ALP activity was corre-
lated to GI in T2Dpc, and ALT correlated to PPD in 
periodontitis subjects [14]. In a population with gin-
givitis and chronic periodontitis, Luke et al. found 
that ALP, AST, and ALT activities were well correlated 
to CAL, PPD, and OHI-S. Unlike our study, the AST 
activity was correlated to PPD and GI indices, 
whereas the CK activity was correlated to GI, PI, 
PPD, CAL, and BOP. The salivary enzyme activities 
increase seemed to be related to the type of the 
destructed tissue from which they were origi-
nated [20].

Table 3. Differences in periodontal indices, salivary enzyme activity, and glycemic control between the systemic antibiotic non- 
surgical therapy group and the non-surgical group alone for T2Dpc.

Parameters (mean ± SD) At baseline T2Dpc+NST (n = 63) p-value* T2Dpc+NST+A (n = 62) P-value* P-value#

HbA1c (%) 8.10 ± 0.88 7.8 ± 0.63 0.051 7.5 ± 0.56 0.049 0.048
Periodontal status

PPD (mm) 6.22 ± 0.67 5.94 ± 0.46 0.059 5.41 ± 0.44 0.007 0.049
CAL (mm) 5.69 ± 0.86 5.09 ± 0.85 0.054 4.53 ± 0.82 0.009 0.044
BOP (%) 50.39 ± 24.78 48.39 ± 24.72 0.083 45.34 ± 21.69 0.011 0.035
PI (%) 41.45 ± 15.99 38.23 ± 14.71 0.091 35.74 ± 14.03 0.016 0.039
GI 1.72 ± 0.62 1.63 ± 0.52 0.129 1.02 ± 0.42 0.043 0.037
OHI-S 2.22 ± 0.66 2.01 ± 0.45 0.133 1.63 ± 0.41 0.032 0.031

Salivary enzyme activities
ALP (U/L) 40.31 ± 9.31 37.31 ± 9.29 0.061 28.03 ± 7.13 <0.001 <0.001
AST (U/L) 31.42 ± 7.09 28.53 ± 6.77 0.073 21.16 ± 5.29 <0.001 <0.001
ALT (U/L) 30.27 ± 3.51 25.21 ± 3.21 0.059 20.59 ± 3.41 <0.001 0.001
LDH (U/L) 95.49 ± 12.93 90.49 ± 12.91 0.146 84.26 ± 10.72 0.003 0.009
CK (U/L) 11.84 ± 2.75 9.67 ± 0.70 0.122 6.36 ± 0.36 0.017 0.022

NOTE: SD: standard deviation; NST: non-surgical treatment (scaling+root planning); A: antibiotics (amoxicillin+metronidazole); PPD: periodontal probing 
depth; CAL: clinical attachment loss; BOP: bleeding index; PI: plaque index; GI: gingival index; OHI-S: simplified oral hygiene index; ALP: alkaline 
phosphatase; AST: aspartate transaminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; CK: creatine kinase. 

*: compared to baseline; #: the pair-wise comparisons between T2Dpc+NST and T2Dpc+NST+A. 
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Currently, the adjunctive use of amoxicillin plus 
metronidazole provided a significant decrease of the 
periodontal indices and the salivary enzyme activities 
when compared to the mechanical treatment alone. 
Similar findings were reported in non-diabetic [30,31] 
and in diabetic subjects with periodontitis [32] treated 
with systemic antibiotics during the active phase of 
the disease. In fact, the adjunctive use of the systemic 
antibiotics diminishes the number of sites to be trea-
ted surgically [33]. The combination of systemic amox-
icillin plus metronidazole has a wide spectrum of 
activity [34]. It can effectively reach and suppress 
multiple microorganisms in the deep pockets, in the 
root furcations, and in concavities that are inaccessi-
ble to the scaling instruments therapy, as well as 
unapparent non-diseased sites that could cause rein-
fection [35]. According to the documented literature, 
amoxicillin and metronidazole are the two antibiotics 
most frequently used in periodontal therapy [32]. 
Their combined effect is more important than each 
antibiotic used alone. Amoxicillin increases the uptake 
of metronidazole into the bacterial cells like strict 
anaerobic keystone pathogens [30].

The synergistic effect, mainly enhanced by amox-
icillin, leads to the inhibition of the bacteria meta-
bolic activities resulting in the proteolytic bacterial 
depletion [36]. In addition, the combined antibiotics 
are also implicated in the reduction of pro- 
inflammatory cytokines release from monocytes 
and fibroblasts that are stimulated by the lipopoly-
saccharides [37]. Furthermore, these types of anti-
biotics promote and maintain the recolonization of 
the beneficial compatible bacteria with a healthy 
periodontium [38,39]. All these benefits make amox-
icillin and metronidazole combination the most 
effective antibiotic therapy for diabetics who pre-
sent an increased risk of periodontitis progression.

In contrast to our findings, significant ameliorations 
of periodontal status and salivary enzyme activities 
following the NST without the use of antibiotics 
were reported [23,40]. The NST has been regarded 
as the standard non-surgical periodontal therapy. 
However, the use of mechanical instrumentation can 
only perturbate the subgingival biofilm making it 
more susceptible [41,42]. Besides, the mechanical 
instrumentation generates wound without reaching 
deeper bacteria that reside in the root concavities or 
in the dentin tubules. This leads to an uncompleted 
elimination of the subgingival biofilm [43,44], and 
increases the risk of eventual attachment loss [36,38].

There were certain limits in the present study. Re- 
evaluation of residual sites at a regular interval term 
follow-ups would be essential, which depend on 
patient availability to pursue enzyme activities and 
to achieve successful periodontal management. 
Further investigations dealing with other inflamma-
tory markers are recommended

In conclusion, the current investigation revealed 
that T2Dpc exhibited severe periodontal status 
accompanied by the increased salivary ALP, AST, and 
ALT activities. The later could be regarded as inflam-
matory indicators of periodontal tissue injury.

Furthermore, ALP activity was praiseworthy corre-
lated to periodontal indices that are related to glyce-
mic balance. Thus, the ALP activity could be 
considered as a reliable marker for the diagnosis and 
prognosis of periodontitis. Interestingly, the adminis-
tration of amoxicillin in combination with metronida-
zole adjunctively prescribed to subgingival 
instrumentation appropriately improved the period-
ontal status and reduced the activity of salivary 
enzymes.

Abbreviations list

A Antibiotics 
ALP Alkaline phosphatase 
ALT Alanine aminotransaminase 
AST Aspartate aminotransferase 
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CK Creatine kinase 
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HbA1c Glycated hemoglobin 
LDH Lactate dehydrogenase 
NST Non-surgical treatment 
OHI-S Oral hygiene index- simplified 
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PPD Periodontal probing depth 
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patients with chronic periodontitis 
T2Dpc Poorly glycemic controlled type 2 diabetic patients 

with chronic periodontitis 
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